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USE IN LIFE SUPPORT MUST BE EXPRESSLY AUTHORIZED 


SGS-THOMSON’ PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF SGS-THOMSON 


Microelectronics. As used herein: 


1. Life support devices to systems are devices or systems 
which, are intended for surgical implant into the body 
to support or sustain life, and whose failure to perform, 
when properly used in accordance with instructions for 
use provided in the labeling, can be reasonably expec- 
ted to result in a significant injury to the user. 


2. A critical component is any component of a life sup- 
port device or system whose failure to perform can be 
reasonably expected to cause the failure of the life sup- 
port device or system, or to affect its safety or effecti- 
veness. 
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INTRODUCTION 


The development of monolithic and discrete devi- 
ces dedicated to the automotive sector has been 
the natural consequence of SGS-THOMSON’s 
technological knowhow, especially in power IC 
technology , power packages and innovative so- 
lutions. 


Thanks to this remarkable background, new tech- 
nologies and circuits allow our devices to withstand 
the extremely hostile automotive environment: a 
very wide temperature and supply voltage range, 
accidental battery reversal, load dump transients, 
over and undervoltage spikes. 


High side, low side, single and multi output drivers 
realized with these mixed technologies guarantee 
high current and high voltage performance togeth- 
er with diagnostic functions for external microcon- 
trollers, enriching enormously the automotive pro- 
duct portfolio. 


Intelligent power actuators like the L9821 and 
VM200 high side drivers, intelligent ignition circuits 


Designed to drive lamps, relays and DC motors, the L9821 smart power 


driver car replace for the first time the relay used in car blinker circuits. 


like the VBO20 offer a completely new approach 
to power system design. 


Many different memories and automotive dedicat- 
ed microcontrollers like ST6 and ST9 make possi- 
ble software and hardware integration in new ad- 
vanced applications. 


The company has been active in the automotive 
field for more than 15 years and today has design, 
marketing and engineering departments dedicated 
to this market. 


Thanks to twenty years of uninterrupted leadership 
in audio amplifier technology SGS-THOMSON al- 
so offers a wide choice of rugged and cost-effective 
solutions for car entertainment. 


SGS-THOMSON’s automotive product portfolio co- 
vers a very broad range of powertrain, body elec- 
tronics, instrumentation and vehicle control 
applications. For most of your design needs you 
will find the solution in this book. 


ky7, S&S;THOMSON 


INTRODUCTION 


DEDICATED AUTOMOTIVE PRODUCTS 
a 


POWER TRAIN BODY ELECTRONICS 
C1 IGNITION CONTROL 1] MONOLITHIC VOLTAGE REGULATORS 
ee he eee FOR CHARGING SYSTEMS 
SOLENOID DRIVERS/CONTROLLERS C ACTUATORS FOR LIGHTING 
C) MICROCONTROLLERS WITH CONTROL 
INTEGRATED DEDICATED C MOTOR DRIVERS FOR MIRRORS, 
PERIPHERALS DOOR LOCKS AND SEATS 
Cl EPROMS 1 MULTIPLEXING: BUS INTERFACE ICs 
O CENTRALIZED AND DECENTRALIZED 
PROTECTION 


INSTRUMENTATION VEHICLE CONTROL 


LAMP CHECK ICs L] DEDICATED ICs FOR ABS SYSTEM 


O 

O LIQUID LEVEL DETECTORS Cl POWER ACTUATORS FOR SUSPEN- 
C1) AUDIBLE ALARM ICs SION AND STEERING 
oO 


MULTIFUNCTION VOLTAGE UW cee VALVE SOLENOD 
REGULATORS 

C] MICROCONTROLLER WITH LCD DRIVE 

1 EEPROMS FOR DIAGNOSIS 
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ALPHANUMERICAL INDEX 


Page 
Number 


4500 W/1 ms expo-Uni and Bidirectional Devices 
12A NPN Power Darlington 
12A NPN Power Darlington 
12A NPN Power Darlington 
12A NPN Power Darlington 
12A PNP Power Darlington 
12A PNP Power Darlington 
12A PNP Power Darlington 
12A PNP Power Darlington 


1.5KE Series 
BDW93 
BDW93A 
BDW93B 
BDW93C 
BDW94 
BDW94A 
BDW94B 
BDW94C 


BU920 
BU920P 
BU920PFI 
BU920T 
BU921 
BU921P 
BU921PFI 
BUg21T 
BU921ZP 
BU921ZPFI 
BU9212T 
BU921ZTFI 
BU922 
BU922P 
BU922PFI 
BU922T 
BU931R 
BU931RP 
BU931RPFI 
BU931Z 
BU931ZP 
BU931ZPFI 
BU932R 
BU932RP 
BU932RPFI 
BUZ11 
BUZ11A 
BUZ11Fl 
BU2Z71 
BUZ71A 
BUZ71Fl 


High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 


Voltage 
Voltage 
Voltage 
Voltage 
Voltage 
Voltage 
Voltage 
Voltage 
Voltage 
Voltage 
Voltage 
Voltage 
Voltage 
Voltage 
Voltage 
Voltage 
Voltage 
Voltage 
Voltage 
Voltage 
Voltage 
Voltage 
Voltage 
Voltage 
Voltage 


Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 


Darlington 
Darlington 
Darlington 
Darlington 
Darlington 
Darlington 
Darlington 
Darlington 
Darlington 
Darlington 
Darlington 
Darlington 
Barlington 
Darlington 
Darlington 
Darlington 
Darlington 
Darlington 
Darlington 
Darlington 
Darlington 
Darlington 
Darlington 
Darlington 
Darlington 


N-Channel Enhancement Mode Power Mosfet Transistor . . 
N-Channel Enhancement Mode Power Mosfet Transistor . . 
N-Channel Enhancement Mode Power Mosfet Transistor . . 
N-Channel Enhancement Mode Power Mosfet Transistor . . 
N-Channel Enhancement Mode Power Mosfet Transistor . . 
N-Channel Enhancement Mode Power Mosfet Transistor . . 


BZW04 Series 
BZW50 Series 
BZW100 Series 
IRF520 
IRF520F 1 
IRF521 


400 W/1 ms expo-Uni and Bidirectional Devices 

1500 W/1 ms expo-Uni and Bidirectional Devices 

1800 W/15 ms expo-Uni and Bidirectional Devices 
N-Channel Enhancement Mode Power Mosfet Transistor . . 
N-Channel Enhancement Mode Power Mosfet Transistor . . 
N-Channel Enhancement Mode Power Mosfet Transistor . . 
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ALPHANUMERICAL INDEX 


Type 
Number 


IRF521F I N-Channel Enhancement Mode Power Mosfet Transistor . . 
IRF522 N-Channel Enhancement Mode Power Mosfet Transistor . . 
IRF522FI N-Channel Enhancement Mode Power Mosfet Transistor . . 
IRF523 N-Channel Enhancement Mode Power Mosfet Transistor . . 
IRF523F1 N-Channel Enhancement Mode Power Mosfet Transistor . . 
IRF530 N-Channel Enhancement Mode Power Mosfet Transistor . . 
IRF530F1 N-Channel Enhancement Mode Power Mosfet Transistor . . 
IRF531 N-Channel Enhancement Mode Power Mosfet Transistor . . 
IRF531FI N-Channel Enhancement Mode Power Mosfet Transistor . . 
IRF532 N-Channel Enhancement Mode Power Mosfet Transistor . . 
IRF532F1 N-Channel Enhancement Mode Power Mosfet Transistor . . 
IRF533 N-Channel Enhancement Mode Power Mosfet Transistor . . 
IRF533FI N-Channel Enhancement Mode Power Mosfet Transistor . . 
IRF540 N-Channel Enhancement Mode Power Mosfet Transistor . . 
IRF540F I N-Channel Enhancement Mode Power Mosfet Transistor . . 
IRF541 N-Channel Enhancement Mode Power Mosfet Transistor . . 
IRF541Fl N-Channel Enhancement Mode Power Mosfet Transistor . . 
IRF542 N-Channel Enhancement Mode Power Mosfet Transistor . . 
IRF542F I N-Channel Enhancement Mode Power Mosfet Transistor . . 
IRF543 N-Channel Enhancement Mode Power Mosfet Transistor . . 
IRF543F1 N-Channel Enhancement Mode Power Mosfet Transistor . . 
IRFZ40 N-Channel Enhancement Mode Power Mosfet Transistor . . 
IRFZ42 N-Channel Enhancement Mode Power Mosfet Transistor . . 
L387A 5V—0.4A Very Low Drop Regulator ................... 
L482 Hall-Effect Pickup Ignition Controller ................... 
L484 Magnetic Pickup Ignition Controller .................... 
L497 Hall Effect Pickup Ignition Controller ................... 
L530 Electronic Ignition Interface ......................-..-. 
L584 Multifunction Injection Interface ....................0.. 
L585 Car Alternator Regulator .............. 0.2.0.2 0 000 
L2605 0.5A Low Drop Voltage Regulator ..................... 
L2610 0.5A Low Drop Voltage Regulator ..................... 
L2685 0.5A Low Drop Voltage Regulator ..................... 
L4620 Liquid. Level Alarm isc dace. oe oe eG Ae baw A ob ean ne ss 
L4805 0.4A Very Low Drop Voltage Regulator ................. 
L4810 0.4A Very Low Drop Voltage Regulator ................. 
L4812 0.4A Very Low Drop Voltage Regulator ................. 
L4885 0.4A Very Low Drop Voltage Regulator ................. 
L4892 0.4A Very Low Drop Voltage Regulator ................. 
L4901A Dual 5V Regulator with Reset ........................ 
L4902A Dual 5V Regulator with Reset and Disable .............. 
L4903 Dual 5V Regulator with Reset and Disable Functions ..... 
L4904A Dual 5V Regulator with Reset .......................-. 
L4905 Dual 5V Regulator with Reset ........................ 
L4916 Voltage Regulator Plus Filter......................... 
L4918 Voltage Regulator Plus Filter ......................... 


Page 
Number 
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ALPHANUMERICAL INDEX 


Type Page 
Number Number 


L4920 Very Low Drop Adjustable Regulator 

L4921 Very Low drop Adjustable Regulator 

L4922 5V-1A Very Low Drop Regulator with Reset 
L4923 5V-1A Very Low Drop Regulator with Reset and Inhibit ... 
L4925 5V Very Low Drop Regulator with Reset 

L4926 Dual Multifunction Voltage Regulator 

L4927 Dual Multifunction Voltage Regulator 

L4928 Dual Multifunction Voltage Regulator 

L4930 Dual Very Low Drop Voltage Regulator 

L4934 Dual 5V Regulator with Reset and Auxiliary Function 
L4935 Dual 5V Regulator with Reset and Auxiliary Function 
L4945 5V—0.5A Very Low Drop Regulator 

L4947 5V—0.5A Very Low Drop Regulator with Reset 
L9222 Quad Inverting Transistor Switche 

L9305 Dual High Current Relay Driver 

L9305C Dual High Current Relay Driver 

L9307 Dual High Current Low Side Driver 

L9308 Dual Low Side Driver 

L9309 Dual High Current Low Side Driver 

L9324 Window Lift Controller 

L9335 Injector Driver 

L9336 Injector Driver 

L9350 High Side Driver 

L9355 6A Switchmode High Side Driver 

L9480VB One Chip Car Alternator Regulator 

L9610C PWM Powermos Controller 

L9611C 

L9686 

L9700 Hex Precision Limiter 

L9703 Octal Ground Contact Monitoring Circuit 
L9704 Octal Supply Contact Monitoring Circuit 

L9801 High Side Driver 

L9811 DC and PWM High Side Driver 

L9821 High Side Driver 

L9822 Octal Serial Solenoid Driver 

L9830 Monolithic Lamp Dimmer 

L9842 Octal Parallel Low Side Driver 

LM1837 Dual Low Noise Tape Preamplifier with Autoreverse 
LM2901 Quad Voltage Comparator 

LM2902 Quad Voltage Comparator 

LM2903 Quad Voltage Comparator 

LM2904 Quad Voltage Comparator 

LM2930A 5V—0.4A Very Low Drop Voltage Regulator 
LM2931A 5V—0.4A Very Low Drop Voltage Regulator 
M5450 Led Display Driver 

M5451 Led Display Driver 
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M5480 
M5481 
M5482 
M5438A 
M8439 
MTP3055A 
MTP3055AFI 
P6KE Series 
PL360D 
SGSD93E 
SGSD93F 
SGSD93G 
SGSP201 
SGSP222 
SGSP361 
SGSP362 
SGSP461 
SGSP462 
SGSP491 
SGSP492 
SM4T Series 


SME6T Series 


SM15T Series 


$1T6010/11/12/13/14 
ST6040/41 
ST6050/51/52 
$T6210/E10 
ST6215/E15 
ST90E20/21/23 
ST90E30/31/32 
ST18940/41 
STHIO7N50/FI 


STLT19 
STLT19FI 
STLT20 
STLT20FI 
STLT29 
STLT29FI 
STLT30 
STLTSOFI 
STVHD90 
TDA2003 


ALPHANUMERICAL INDEX 


Led Display Driver 
Led Display Driver 
Led Display Driver 
Serial Input LCD Driver 
Serial Input LCD Driver 


N-Channel Enhancement Mode Power Mosfet Transistor . . 
N-Channel Enhancement Mode Power Mosfet Transistor . . 


600 W/1 ms expo - Uni and Bidirectional Devices 
300 W/1 ms expo - Unidirectional Device 

12A NPN Power Darlington 

12A NPN Power Darlington 

12A NPN Power Darlington 


N-Channel Enhancement Mode Power Mosfet Transistor . . 
N-Channel Enhancement Mode Power Mosfet Transistor . . 
N-Channel Enhancement Mode Power Mosfet Transistor . . 
N-Channel Enhancement Mode Power Mosfet Transistor . 

N-Channel Enhancement Mode Power Mosfet Transistor . . 
N-Channel Enhancement Mode Power Mosfet Transistor . . 
N-Channel Enhancement Mode Power Mosfet Transistor . . 
N-Channel Enhancement Mode Power Mosfet Transistor . . 


400 W/1 ms expo - Uni and Bidirectional Surface Mount 
Devices 

600 W/1 ms expo - Uni and Bidirectional Surface Mount 
Devices 

1500 W/1 ms expo - Uni and Bidirectional Surface Mount 
Devices 


8 Bit HCMOS Microcontrollers 

8 Bit HCMOS Microcontrollers 

8 Bit HCMOS Microcontrollers 

8 Bit HOCMOS Microcontrollers 

ST9 8K Eprom HCMOS Microcontrollers 
ST9 8K Eprom HCMOS Microcontrollers 
Digital Signal Processor 

High Injection N-Channel Enhancement Mode 
Power Mosfet Transistor (IGBT) 


N-Channel Enhancement Mode Power Mosfet Transistor . . 
N-Channel Enhancement Mode Power Mosfet Transistor . . 
N-Channel Enhancement Mode Power Mosfet Transistor . . 
N-Channel Enhancement Mode Power Mosfet Transistor . . 
N-Channel Enhancement Mode Power Mosfet Transistor . . 
N-Channel Enhancement Mode Power Mosfet Transistor . . 
N-Channel Enhancement Mode Power Mosfet Transistor .. 
N-Channel Enhancement Mode Power Mosfet Transistor . . 
N-Channel Enhancement Mode Power Mosfet Transistor . . 


10W Car Audio Amplifier 
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Page 
Number 


ALPHANUMERICAL INDEX 


Type 
Number 


TDA2004 10+10W Stereo Amplifier for Car Radio ............... 
TDA2005 20W Bridge Amplifier for Car Radio ................... 
TDA2220A AMIPM JRadlIO ss 053 3 wn.e Seneulhen Se era hee ee awed s 
TDA2320A Minidip Stereo Preamplifier.......................0.. 
TDA3410 Dual Low Noise Tape Preamplifier with Autoreverse ...... 
TDA3420 Dual Very Low Noise Preamplifier ..................... 
TDA7232 Low Noise Preamplifier Compressor ................... 
TDA7240A 20W Bridge Amplifier for Car Radio ................... 
TDA7241 20W Bridge Amplifier for Car Radio ................... 
TDA7256 22W Bridge Fully Protected Car Radio Amplifier . 
TDA7260 High Efficiency Audio PWM Driver .................... 
TDA7272 High Performance Motor Speed Regulator .............. 
TDA7275A Motor Speed Regulator ................0......00..0005 
TDA7282 Stereo Low Voltage Cassette Preamplifier .............. 
TDA7300 Digital Controlled Stereo Audio Processor .............. 
TDA7302 Digital Controlled Stereo Audio Processor .............. 
TDA7350 Bridge-Stereo Amplifier fo Car Radio .................. 
TDA7360 Stereo/Bridge Amplifier with Clipping Detector ........... 
TEA7203 Automotive Lamps and Fuses Monitor Circuit ........... 
TL7700A Series Supply Voltage Supervisors ............- 0.20 c eee eee 
UCN4801A BIMOSLAtCh-DIIVGR wccaes.o 6.2, ccogn gat ets we aye eee Sek 
ULN2001A Seven Darlington Array ........... 200.000 cece eee eee 
ULN2002A Seven Darlington Array ........ 0.0.0... cc ee 
ULN2003A Seven Darlington Array .... 2.0... cee ee 
ULN2004A Seven Darlington Array ........0. 0.0.0.0 
ULQ2001R Seven Darlington Array ........... 0.000000 cee eee ra aes 
ULQ2002R Seven Darlington Array .. 1... 0... cc eens 
ULQ2003R Seven Darlington Array ........... 0.0... cece ees 
ULQ2004R Seven Darlington Array .......... 0.0.0... eee 
VB020 Fully Integrated High Voltage Darlington For Electronic Ignition 
VM200 High Side Smart Solid State Relay .................... 


Page 
Number 
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SELECTION GUIDE 


SELECTION GUIDE 


DEDICATED 
IGNITION 
Type Description Page 
Number P : g 
BU920/P/PFI/T High Voltage Ignition Darlington 
BU921/P/PFI/T High Voltage Ignition Darlington 


BU921ZP/FI 
BU921ZT/FI 
BU922/P/PFI/T 
BU931R/RP/RPFI 
BU9312Z/ZP/ZPFI 
BU932R/RP/RPFI 
L482 

L484 

L497 

L530 

STHIO7N50 
STHIO7N50FI 
VB020 


High Voltage Ignition Darlington 

High Voltage Ignition Darlington 

High Voltage Ignition Darlington 

High Voltage Ignition Darlington 

High Voltage Ignition Darlington 

High Voltage Ignition Darlington 

Hall Effect Pickup Ignition Controller 

Magnetic Pickup Ignition Controller 

Hall Effect Pickup Ignition Controller 

Electronic Ignition Interface 

High Injection N-Channel Enhancement Mode Power Mosfet Transistor (IGBT) 
High Injection N-Channel Enhancement Mode Power Mosfet Transistor (IGBT) 
Electronic Ignition 


FUEL INJECTION 
Type Description P 
Number P age 
L584 Multifunction Injection Interface 91 
L9335/6 Injector Driver 103 


MONOLITHIC POWER ACTUATORS 


Type foe 


L9222 Quad Inverting Transistor Switch 
L9305/C Dual High Current Relay Drivers 
L9307/9 Dual High Current Low Side Driver 
L9308 Dual Low Side Driver 
L9324 Window Lift Controller 
L9350 High Side Driver 
L9355 6A Switchmode High Side Driver 
L9801 High Side Driver 
L9811 DC and PWM High Side Driver 
L9821 High Side Driver 
L9822 Octal Serial Solenoid Driver 
L9830 Monolithic Lamp Dimmer 
L9842 Octal Parallel Solenoid Driver 

® MICROELECTRONICS 
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SELECTION GUIDE 


DEDICATED (Continued) 


POWER DISCRETE 


Type cts 


VM200 


14 


BUZ11 N-Channel Enhancement Mode Power Mosfet Transistors 
BUZ11A N-Channel Enhancement Mode Power Mosfet Transistors 
BUZ11Fl N-Channel Enhancement Mode Power Mosfet Transistors 
BUZ71A N-Channel Enhancement Mode Power Mosfet Transistors 
IRF520 N-Channel Enhancement Mode Power Mosfet Transistors 
IRF520F I N-Channel Enhancement Mode Power Mosfet Transistors 
IRF521 N-Channel Enhancement Mode Power Mosfet Transistors 
IRF521Fl N-Channel Enhancement Mode Power Mosfet Transistors 
IRF522 N-Channel Enhancement Mode Power Mosfet Transistors 
IRF522FI N-Channel Enhancement Mode Power Mosfet Transistors 
IRF523 N-Channel Enhancement Mode Power Mosfet Transistors 
IRF523F I N-Channel Enhancement Mode Power Mosfet Transistors 
IRF530 N-Channel Enhancement Mode Power Mosfet Transistors 
IRF530F I N-Channel Enhancement Mode Power Mosfet Transistors 
IRF531 N-Channel Enhancement Mode Power Mosfet Transistors 
IRF531Fi ‘N-Channel Enhancement Mode Power Mosfet Transistors 
IRF532 N-Channel Enhancement Mode Power Mosfet Transistors 
IRF532F1 N-Channel Enhancement Mode Power Mosfet Transistors 
IRF533 N-Channel Enhancement Mode Power Mosfet Transistors 
IRF533FI N-Channel Enhancement Mode Power Mosfet Transistors 
IRF540 N-Channel Enhancement Mode Power Mosfet Transistors 
IRF540FI N-Channel Enhancement Mode Power Mosfet Transistors 
IRF541 N-Channel Enhancement Mode Power Mosfet Transistors 
IRF541Fl N-Channel Enhancement Mode Power Mosfet Transistors 
IRF542 N-Channel Enhancement Mode Power Mosfet Transistors 
IRF542FI N-Channel Enhancement Mode Power Mosfet Transistors 
IRF543 N-Channel Enhancement Mode Power Mosfet Transistors 
IRF543FI N-Channel Enhancement Mode Power Mosfet Transistors 
IRFZ40 N-Channel Enhancement Mode Power Mosfet Transistors 
IRFZ42 N-Channel Enhancement Mode Power Mosfet Transistors 
MTP3055A N-Channel Enhancement Mode Power Mosfet Transistors 
MTPS3055AFI N-Channel Enhancement Mode Power Mosfet Transistors 
SGSP201 N-Channel Enhancement Mode Power Mosfet Transistors 
SGSP222 N-Channel Enhancement Mode Power Mosfet Transistors 
SGSP361 N-Channel Enhancement Mode Power Mosfet Transistors 
SGSP362 N-Channel Enhancement Mode Power Mosfet Transistors 
SGSP461 N-Channel Enhancement Mode Power Mosfet Transistors 
SGSP462 N-Channel Enhancement Mode Power Mosfet Transistors 
SGSP491 N-Channel Enhancement Mode Power Mosfet Transistors 
SGSP492 N-Channel Enhancement Mode Power Mosfet Transistors 
STLT19 N-Channel Enhancement Mode Low Threshold Power Mosfet Transistors 
STLT19F1 N-Channel Enhancement Mode Low Threshold Power Mosfet Transistors 
STLT20 N-Channel Enhancement Mode Low Threshold Power Mosfet Transistors 
STLT20FI N-Channel Enhancement Mode Low Threshold Power Mosfet Transistors 
STLT29 N-Channel Enhancement Mode Low Threshold Power Mosfet Transistors 
STLT29FI N-Channel Enhancement Mode Low Threshold Power Mosfet Transistors 
STLT30 N-Channel Enhancement Mode Low Threshold Power Mosfet Transistors 
STLT30FI N-Channel Enhancement Mode Low Threshold Power Mosfet Transistors 
STVHD90 N-Channel Enhancement Mode Power Mosfet Transistors 


High Side Smart Solid State Relay 
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VOLTAGE REGULATORS 


Type a fit 


BDW93 
BDW93A 
BDW93B 
BDW93C 
BDW94 
BDW94A 
BDW94B 
BDW94C 
L387A 


L4901A 
L4902A 
L4903 
L4904A 
L4905 
L4916 
L4918 
L4920/21 
L4922 
L4923 
L4925 
L4926/8 
L4927 
L4930 
L4934/5 
L4945 
L4947 
LM2930A 
LM2931A 
SGSD93E 
SGSD93F 
SGSD93G 


L4620 


L9610C/11C 
L9686 
L9700 
L9703 
L9704 
TEA7203 


L2605/85/10 
L4805/85/92/10/12 


TL7700A Series 


| ALTERNATOR REGULATORS: REGULATORS 


Type 
L585 Car Alternator Regulator 421 
L9480VB One Chip Car Alternator Regulator 427 


| SPECIAL FUNCTIONS FUNCTIONS 


12A NPN Power Darlington 

12A NPN Power Darlington 

12A NPN Power Darlington 

12A NPN Power Darlington 

12A PNP Power Darlington 

12A PNP Power Darlington 

12A PNP Power Darlington 

12A PNP Power Darlington 

5V—0.4A Very Low Drop Regulator 

0.5A Low Drop Voltage Regulators 

0.4A Very Low Drop Voltage Regulators 

Dual 5V Regulator with Reset 

Dual 5V Regulator with Reset and Disable 

Dual 5V Regulator with Reset and Disable Functions 
Dual 5V Regulator with Reset 

Dual 5V Regulator Reset 

Voltage Regulator Plus Filter 

Voltage Regulator Plus Filter 

Very Low Drop Adjustable Regulators 

5V—1A Very Low Drop Regulator with Reset 
5V—1A Very Low Drop Reg. with Reset and Inhibit 
5V Very Low Drop Regulator with Reset 

Dual Multifunction Voltage Regulators 

Dual Multifunction Voltage Regulator 

Dual Very Low Drop Voltage Regulators 

Dual 5V Regulator with Reset and Auxiliary Function 
5V—0.5A Very Low Drop Regulator 

5V—0.5A Very Low Drop Regulator with Reset 
5V—0.4A Very Low Drop Voltage Regulator 
5V—0.4A Very Low Drop Voltage Regulator 

12A NPN Power Darlington 

12A NPN Power Darlington 

12A NPN Power Darlington 

Supply Voltage Supervisor 


Liquid Level Alarm 

PWM Powermos Controller 

Automotive Indicator 

Hex Precision Limiter 

Octal Ground Contact Monitoring Circuit 
Octal Supply Contact Monitoring Circuit 
Automotive Lamps and Fuses Monitor Circuit 
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SELECTION GUIDE 


ENTERTAIMENT 


POWER AMPLIFIERS 


Type oe 


BUZ71 N-Channel Enhancement Mode Power Mosfet Transistors 
BUZ71Fl N-Channel Enhancement Mode Power Mosfet Transistors 
TDA2003 10W Audio Amplifier 

TDA2004 10+10W Stereo Amplifier 

TDA2005 20W Bridge Amplifier 

TDA7240A 20W Bridge Amplifier 

TDA7241 20W Bridge Amplifier 

TDA7256 22W Bridge Amplifier 

TDA7260 High Efficiency Audio PWM Driver 

TDA7350 Bridge-Stereo Amplifier 


TDA7360 Stereo/Bridge Amplifier with Clipping Detector 


5 


PREAMPLIFIERS AND AUDIO PROCESSORS | 


Type er 


LM1837 Dual Low Noise Autoreverse Preamplifier 


TDA2320A Stereo Preamplifier 

TDA3410 Dual Low Noise Tape Preamp. with Autoreverse 
TDA3420 Dual Very Low Noise Preamplifier 

TDA7232 Low Noise Preamplifier Compressor 

TDA7282 Stereo Low Voltage Preamplifier 

TDA7300 Digital Controlled Stereo Audio Processor 
TDA7302 Digital Controlled Stereo Audio Processor 


RADIO CIRCUITS 


Type 
Number 


TDA2220A AM/FM Radio 649 


Description Page 


High Performance Motor Speed Regulator 657 
Motor Speed Regulator 673 
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SELECTION GUIDE 
GENERAL PURPOSE 


DISPLAYS 
M5450/1 Led Display Drivers 
M5480 Led Display Driver 
M5481 Led Display Driver 
M5482 Led Display Driver 
M8438A Serial Input LCD Driver 
M8439 Serial Input LCD Driver 


UCN4801A BIMOS Latch-Driver 
ULN2001A to 2004A Seven Darlington Arrays 
ULQ2001R to 2004R Seven Darlington Arrays 


COMPARATORS & OPERATIONAL AMPLIFIERS 


LM2901 Quad Voltage Comparator 
LM2902 Quad Omp. Amp. Single Supply 
LM2903 Dual Vcltage Comparator 
LM2904 Dua! Omp. Amp. Single Supply 


MICROCONTROLLERS 


Type Number Description 


ST6010/11/12/13/14 2K ROM 8-Bit HCMOS MCU with A/D Converter 

ST6040/41 4K ROM 8-Bit HCMOS MCU with A/D Converter & LCD Driver 

ST6050/51/52 4K ROM 8-Bit HCMOS MCU with A/D Converter & AC Preamplifier 

ST6210/E10-ST6215/E15 2K ROM/EPROM 8-Bit HCMOS MCU with A/D Converter and LED 
Driver Outputs 

ST90E20/21/23 8K EPROM 8-Bit HCMOS MCU with SPI/SCI Interface & 
Multifunction 16-bit Timer 

ST90E30/31/32 8K EPROM 8-Bit HCMOS MCU with SPI/SCI Interface, Two Multifunction 
16-bit Timers & A/D Converter 

ST18940/41 Digital Signal Processor 


PROTECTION DEVICES 


TRANSIL 


Pp (W) Wem (V) Unidirectional Bidirectional Case. ©) Page 


400/1 ms BZW04../BZWO4P.. BZW04..B/BZWO4P..B | F126 
600/1 ms P6KE.. P,A P6KE..CP, CA 

300/1 ms PL360D _ 

1500/1 ms 1.5KE...P,A 1.5KE...CP, CA 

5000/1 ms BZW50... BZW50...B 


1800/5 ms BZW100... BZW100...B 


Pp (W) Wem (V) Unidirectional Bidirectional 


400/1 ms SM4T..., A 


869 
875 
881 
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SM4T..C,A 


600/1 ms SME6T..., A 


SM6T...C,A 


1500/1 ms SMI15T..., A 


SM15T...C,A 


LYf, Sreeoutcorroes 


SELECTION GUIDE 


** NMOS UV EPROM 
Part Numb Access Vv Temperature Pin 

sigs cdiecaat Time | Act | St.by sta Range Count 
M2764AF6 8Kx8 250ns 75mA 35mA 5V+ 5% —40 to +85°C 28 
M2764A-4F6 8K x8 450ns 75mA 35mA 5V+ 5% —40 to +85°C 28 
M27128AF6 16Kx8 250ns 85mA 40mA 5V+ 5% —40 to + 85°C 28 
M27128A-4F6 16Kx8 450ns 85mA 40mA 5V+ 5% — 40 to + 85°C 28 


M27256F 1 5V+ 5% 
M27256-1F 1 5V+ 5% 
M27256-2F 1 5V+ 5% 
M27256-3F 1 5V+ 5% 
M27256-4F 1 5V+ 5% 
M27256-20F 1 5V+10% 
M27256-25F 1 5V+10% 
M27256-30F 1 5V+10% 
M27256-45F 1 5V + 10% 
M27256F6 5V+ 5% 
M27256-4F6 5V+ 5% 


M27512F 1 5V+ 5% 


M27512-2F 1 5V+ 5% 
M27512-3F1 5V+ 5% 
M27512-25F 1 5V+10% 
M27512-30F 1 5V + 10% 


M27512F6 5V+ 5% 


** For Memory Datasheets consult our Memory Databook 


** CMOS UV EPROM 
Fron number | Oro. 


TS27C64A-20VQ 8K x8 
TS27C64A-25VQ 
TS27C64A-30VQ 


Access 
Time | Act__|__St.by 


30mA 1ImA 
30mA imA 
30mA imA 


Vv Temperature Pin 
ce Range Count 


5V+10% —40 to +85°C 
5V + 10% — 40 to +85°C 
oV + 10% + 85°C 


TS27C256-20VQ 30mA imA 5V + 10% 
TS27C256-25VQ 30mA imA 5V+10% 
TS27C256-30VQ 30mA imA 5V + 10% 


M27C1024-12XF1 | 64Kx 16 5V+ 5% 


M27C1024-15XF1 | 64K x 16 5V+ 5% 
M27C1024-20XF1 | 64Kx 16 5V+ 5% 
M27C1024-25XF1 | 64Kx 16 5V+ 5% 
M27C1024-12F 1 64K x 16 5V+ 5% 
M27C1024-15F 1 64K x 15 5V+10% 
M27C1024-20F 1 64K x 16 5V+10% 
M27C1024-25F 1 64K x 16 5V + 10% 
M27C1024-15XF6 | 64Kx 16 5V+ 5% 
M27C1024-20XF6 | 64Kx 16 5V+ 5% 
M27C1024-25XF6 | 64K x 16 5V+ 5% 


M27C256B-80XF 1 5V+ 5% + 70°C 


M27C256B-12XF 1 5V+ 5% 0 to +70°C 
M27C256B-15XF1 5V+ 5% 0 to + 70°C 
M27C256B-80F 1 5V + 10% 0 to +70°C 
M27C256B-12F 1 5V + 10% 0 to + 70°C 
M27C256B-15F 1 5V+10% 0 to +70°C 
M27C256B-12XF6 5V+ 5% —40 to +85°C 
M27C256B-15XF6 5V+ 5% — 40 to +85°C 


** For Memory Datasheets consult our Memory Databook 


Ly 7, SSctomones 
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SELECTION GUIDE 


** CMOS UV EPROM | (Continued) 


M87C257B-80XF 1 
M87C257B-12XF 1 
M87C257B-15XF 1 
M87C257B-80F 1 

M87C257B-12F 1 

M87C257B-15F 1 

M87C257B-12XF6 
M87C257B-15XF6 
M87C257B-12XF7 
M87C257B-15XF7 


M27C512-10XF 1 
M27C512-12XF 1 
M27C512-15XF 1 
M27C512-20XF 1 
M27C512-10F1 
M27C512-12F 1 
M27C512-15F 1 
M27C512-20F 1 
M27C512-15XF6 
M27C512-20XF6 
M27C512-15XF7 
M27C512-20XF7 


M87C512-10XF 1 
M87C512-12XF 1 
M87C512-15XF 1 
M87C512-20XF 1 
M87C512-10F 1 


M87C512-12F 1 
M87C512-15F 1 
M87C512-20F 1 
M87C512-15XF6 
M87C512-20XF6 
M87C512-15XF7 
M87C512-20XF7 


M27C1001-12XF 1 
M27C1001-15XF 1 
M27C1001-20XF 1 
M27C1001-25XF 1 
M27C1001-12F 1 
M27C1001-15F 1 
M27C1001-20F 1 
M27C1001-25F 1 
M27C01001-15XF6 
M27C1001-20XF6 
M27C1001-25XF6 


M87C1001-12XF 1 
M87C1001-15XF 1 
M87C1001-20XF 1 
M87C1001-25XF 1 
M87C1001-12F 1 
M87C1001-15F 1 
M87C1001-20F 1 
M87C1001-25F 1 
M87C1001-15XF6 
M87C1001-20XF6 
M87C1001-25XF6 


64K x 8* 
64K x 8* 
64K x 8* 
64K x 8* 
64K x 8* 
64K x 8* 
64K x 8* 
64K x 8* 
64K x 8* 
64K x 8* 
64K x 8* 
64K x 8* 


128K x 8 
128K x8 
128K x8 
128K x8 
128Kx8 
128Kx 8 
128Kx 8 
128K x 8 
128K x 8 
128K x8 
128K x 8 


128K x 8* 
128K x 8* 
128K x 8* 
128K x 8* 
128K x 8* 
128K x 8* 
128K x 8* 
128K x 8* 
128K x 8* 
128K x 8* 
128K x 8* 


5V+ 5% 
5V+ 5% 
5V+ 5% 
5V+10% 
5V+10% 
5V+10% 
5V+ 5% 
5V+ 5% 
5V+t 5% 
5V+ 5% 


5V+ 5% 
5V+ 5% 
5V+ 5% 
5V+ 5% 
5V+10% 
5V+10% 
5V+10% 
5V+10% 
5Vsz 5% 
5V+ 5% 
5V+ 5% 
5V+ 5% 


5BV+ 5% 
5V+ 5% 
5V+ 5% 
5V+ 5% 
5V+10% 
5V+10% 
5V+10% 
5V+10% 
5V+ 5% 
5V+ 5% 
5V+ 5% 
5V+ 5% 


5V+ 5% 
5V+ 5% 
5V+ 5% 
5V+ 5% 
5V+10% 
5V+10% 
5V+10% 
5V+10% 
5V+ 5% 
5V+ 5% 
5V+ 5% 


5V+ 5% 
5V+ 5% 
5Va 5% 
5V+ 5% 
5V+10% 
5V+10% 
5V+10% 
5V+10% 
5V+ 5% 
5V+ 5% 
5V+ 5% 


Part Number Access Vv Temperature P 
Time | Act | St.by ce Range Co 
+ 2 


++ettteeetest 


tee teteteetst 


+ 


Pett ett tetete lee teteeeertet 


in 

unt 

8 
28 


Feature Address Latch 
** For Memory Datasheets consult our Memory Databook 


AYf, Beeortsensnes 
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SELECTION GUIDE 


. | ** NMOS OTP ROM | | ** NMOS OTP ROM | OTP ROM 


Access 


ST2764A-18CP 
ST2764A-20CP 
ST2764A-25CP 
ST2764A-30CP 


$T27128A-20CP 85mA 40mA 
ST27128A-25CP 85mA 40mA 
ST27128A-30CP 85mA 40mA 5V +10% 0 to +70°C 


ST27256-20CP 32K x 8 200ns 100mA 40mA 5V+10% 0 to +70°C 
ST27256-25CP 32K x 8 250ns 100mA 40mA 5V+10% 0 to +70°C 28 
ST27256-30CP 32K x8 300ns 100mA 40mA 5V+10% 0 to +70°C 


For Memory Datasheets consult our Memory Databook 


| Act | St.by | 


Temperature 
Range coin 


5V+10% 0 to +70°C 
5V+10% 0 to +70°C 
5V+10% 0 to +70°C 
5V+10% 0 to +70°C 


5V+10% 0 to +70°C 
5V+10% 0 to +70°C 


xk * 


| ** CMOS OTP ROM * CMOS | ** CMOS OTP ROM ROM 


Time 


Temperature 
Range pout 


TS27C64A-15CFN 5V+10% Oto + 70°C 
TS27C64A-20CFN 5V+10% 0 to + 70°C 
TS27C64A-25CFN 5V+10% 0 to + 70°C 
TS27C64A-15VFN 5V+10% —40 to + 85°C 
TS27C64A-20VFN 5V+10% —40 to + 85°C 
TS27C64A-25VFN 5V+10% —40 to + 85°C 
TS27C64A-15TFEN 5V+10% —40 to +105°C 
TS27C64A-20TFN 5V+10% —40 to +105°C 


TS27C64A-25TFN 5V + 10% — 40 to +105°C 


TS27C64A-15CP 5V+10% Oto + 70°C 
TS27C64A-20CP 5V + 10% 0to + 70°C 
TS27C64A-25CP 5V+10% 0to + 70°C 
TS27C64A-15VP 5V+10% —40 to + 85°C 
TS27C64A-20VP 5V+10% —40 to + 85°C 
TS27C64A-25VP 5V+10% —40 to + 85°C 
TS27C64A-15TP 5V+10% —40 to +105°C 
TS27C64A-20TP 5V+10% —40 to +105°C 


5V+10% 


5V+10% 
5V + 10% 


TS27C64A-25TP + 105°C 


ST27C256-17CFN 
ST270256-20CFN 


ST27C256-25CFN 5V+10% 
ST27C256-17VFN 5V + 10% 
ST27C256-20VFN 5V+10% 
ST27C256-25VFN 5V+10% 
ST27C256-17TFN 5V+10% 
ST27C256-20TFN 5V+10% 
ST27C256-25TFN 5V + 10% 


ST27C256-17CP 5V + 10% 


ST27C256-20CP 5V + 10% 
ST27C256-25CP 5V + 10% 
ST27C256-17VP 5V + 10% 
ST27C256-20VP 5V+10% 
ST27C256-25VP 5V+10% 
ST27C256-17TP 5V + 10% 
ST27C256-20TP 5V+10% 


ST27C256-25TP 


** Eor Memory Datasheets consult our Memory Databook 


5V+10% 


AYf, iittearteones 
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SELECTION GUIDE 


Vv Temperature Pin 
ce Range Count 
8 


5V + 10% 


** NMOS EEPROM 
[rar Number | org. | Feavenoy 


M9306B1 256 Bits | 500KHz 


eee 


M9306B6 256 Bits | 500KHz 5V + 10% 
M9306M1 256 Bits | 500KHz 5V + 10% 
M9306M6 256 Bits | 500KHz 5V + 10% 


M9306M3 256 Bits | 500KHz 5V+10% 


** For Memory Datasheets consult our Memory Databook 


** CMOS EEPROM 
Part Number | org. |Frequeney| oot ——_ : 
ere vaeeeY act | St-by _| 
St.by 


ST93CO6AB1 256 Bits 


Temperature Pin 
ce Range Count 
8 


SV + 10% 


ST93C06AB3 256 Bits 5V+10% 
ST93CO6AM1 256 Bits 5V + 10% 
ST938CO6AME6 256 Bits 5V+10% 


ST93CO6AM3 
ST93C46AB1 


256 Bits 
1K Bits 


5V+10% 
5V + 10% 


ST93C46AB3 1K Bits 5V + 10% 
ST93C46AM1 1K Bits SV + 10% 
ST93C46AM6 1K Bits 5V + 10% 
ST93C46AM3 1K Bits 5V + 10% 


ST93CS56B1 2K Bits 5V+10% 


ST93CS56B3 2K Bits 5V+10% 
ST93CS56M1 2K Bits 5V + 10% 
ST93CS56M6 2K Bits 5V+10% 


ST93CS56M3 
ST93CS57B1 


2K Bits 
2K Bits 


5V+10% 
2.5 to 5.5V 


500KHz 


ST93CS57B3 2K Bits 500KHz 2.5 to 5.5V 
ST93CS57M1 2K Bits 500KHz 2.5 to 5.5V 
ST93CS57M6 2K Bits 500KHz 2.5 to 5.5V 


ST93CS57M3 2K Bits 500KHz 2.5 to 5.5V 


ST24C04B1 100KHz 5V+10% 


ST24C04B3 100KHz 5V + 10% 
ST24C04M1 100KHz 5V + 10% 
ST24C04M6 100KHz 5V+10% 
ST24C04M3 100KHz 5V + 10% 


8 
8 
8 
8 
8 
8 


ST24C16B1 16K Bits | 100KHz 4mA 50nA 5V + 10% 
ST24C16B3 16K Bits | 100KHz 6mA 100pnA 5V + 10% 8 


** For Memory Datasheets consult our Memory Databook 


Oto + 70°C 
—40 to +125°C 


AYf, SeSontsorates 
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SELECTION GUIDE 


Access Cycle Temperature 
eee: | i | oe ee | St.by | Range ee 


MK6116N-15 2Kx8 150ns 150mA {2 3mA 0°C to 70°C 
MK6116N-20 2Kx8 200ns 200ns 70mA 3mA 0°C to 70°C 54 
MK6116N-25 2Kx8 250ns 250ns 70mA 3mA 0°C to 70°C 24 


* For Memory Datasheets consult our Memory Databook 


: | ** ZEROPOWER | | ** ZEROPOWER | 


Time 


ara ral 


St. | St.by | 


Temperature 
Range ecuni 


MK148212B12 5V + 10% 
MK148Z12B15 5V+10% 
MK148212B20 5V+10% 
MK1482Z12B25 5V+10% 
MK148Z12BU12 5V+10% 
MKI48212BU15 5V + 10% 
MKI48212BU20 5V+10% 


MK148Z12BU25 5V + 10% 


** For Memory Datasheets consult our Memory Databook 
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DATASHEETS 


BU920/P/PFI/T 
ky SGS-THOMSON BU921/P/PFI/T 
MICROELECTRONICS BU922/P/PFI/T 


HIGH VOLTAGE POWER DARLINGTON 


a HIGH VOLTAGE POWER DARLINGTON 
» AUTOMOTIVE IGNITION APPLICATIONS 
a HIGH CURRENT 


ISOWATT 218 
DESCRIPTION 
The BU920/921/922, BU920P/921P/922P, BU920- 
PFI/BU921 PFI/BU922PFI and BU920T/921T/922T INTERNAL SCHEMATIC DIAGRAM 


are silicon multiepitaxial planar NPN transistors in 
monolithic darlington configuration mounted res- 
pectively in Jedec TO-3 metal case, SOT-93 plastic 
package, ISOWATT218 fully isolated package and 
TOQ-220 plastic package. 

They are particularly intended for automative igni- 
tion applications and inverter circuits for motor 
control. 


Cc 


ABSOLUTE MAXIMUM RATINGS 


Symbol SOT-93 BU920P 
ISOWATT218 BUS920PFI 


TO-3 BU920 BU921 BU922 
BU921P BU922P 
BU921PFI BU922PFI 


400 
400 450 
| te | BaseCurett | A 
po 0-3 |S 0T-93|SOWATTZIB| TO-220 | 

Pro 120 
175 | 150 
Max. Operating Junction Temperature 175 °C 


October 1988 1/5 
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BU920/BU920P/BU920PFI/BU920T 


THERMAL DATA 


[7-3 |SOT-sa]isowaTT2V6[r0-220| 


ELECTRICAL CHARACTERISTICS (T.ase = 25 C unless otherwise specified) 


| Symbol | __—Parameter__——|_—Test Conditions | Min. | Typ. | Max. | Unit_ 


IcES Collector Cutoff Current (Vee =0)} Voce = 400 V for 920 Types uA 
Voce = 450 V for 921 Types LA 
Voce =500 V for 922 Types LA 
Voce = 400 V for 920 Types mA 
Voce = 450 V for 921 Types mA 
Voce = 500 V for 922 Types mA 
Te = 150 °C 

IcEO Collector Cutoff Current (lg = 0) Vere =350 V for 920 Types A 
Voce = 400 V for 921 Types LA 
Voce = 450 V for 922 uA 


VceEO(sus)” | Collector-emitter Sustaining Ic = 100 mA for 920 Types V 
Voltage for 921 Types V 

for 922 Types V 

VceE(sat)’ | Collector-emitter Saturation Ic =5A lg =50 mA 18 V 
Voltage Ic =7A lp =140 mA 1.8 V 

VpeE(sat). | Base-emitter Saturation Voltage Ic =5A lp =50 mA 2.2 V 
Ic =7A lg = 140 mA 2.5 V 


Functional Test (see test circuit for 920 Types 
Fig.2 and 3) Vcr = 350 V lL =7 mH 
for 921 and 922 Types 

Voce = 400 V lL =7mH 


* Pulsed : pulse duration = 300 us, duty cycle=15%. 


Safe Operating Areas. Safe Operating Areas. 


TN RTT 


* FOR SINGL 
REPETITIVE 
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quam ec. 
tt 
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al 
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ames 
ae 
aN 
al 
KH 
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A 
ab 
—* 
| ois 
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ml 
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BU920/BU920P/BU920PFI/BU920T 


DC Current Gain. Colltector-emitter Saturation Voltage. 


Aw | | 
a 


a 
Biase 
QIN 


—_>. 
CNS 


re 
A “ta 
— 


(Vv) 


Collector-emitter Saturation Voltage. Base-emitter Saturation Voltage. 


G- 5755 


3/5 
fey7 SGS-THOMSON 
T7 imenosvectromes 
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BU920/BU920P/BU920PFI/BU920T 


Saturated Switching Characteristics. Clamped Reverse Bias Safe Operating Areas. 
(A) ——______, RBpwe eee 
hee = 50 aS Sa CYB A 8 rt 
VeE of =~2¥ Ce a BBE a a sees 
Vee = 250V a aes) FG Le | ee 
ie a See) ee 
| ae 
: LETT ft ELT, 
: a il 
js 
4 10 I ES a GE OE DE Pe 
=< eS 
TLL ASEH A 
== == os ees ee ee ee 
art Sil eseaiiil 
— an 

Ree cad : 

Be 5 

| @t 

fe) : eS. Bige: ~ t ~NEW) 


ORIVER AND 
CURRENT 
LIMITING 

CIRCUIT 


Test conditions : 2lp1 > | - Ip2 | > Iai 
5V>|-Ves|>O0V tp = adjusted for nominal Ic 
Ic/lg = 50 Rep =1 Q. 


Test duration . 2 sec 
for BU920 Vz = 350 V 
for BU921 and Bu922 Vz = 400 V. 


Figure 3 : Functional Test Waveforms. 


INPUT 
SIGNAL 


BASE 
CURRENT 


COLLECTOR 
CURRENT 


COLLECTOR 
EMITTER 
VOLTAGE 


4/5 
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ISOWATT 218 PACKAGE CHARACTE- 
RISTICS AND APPLICATION 


ISOWATT218 is fully isolated to 4000 V de. Its ther- 
mal impedance, given in the data sheet, is optimi- 
zed to give efficient thermal conduction together 
with excellent electrical isolation. 


The structure of the case ensures optimum di- 
stances between the pins and heatsink. These di- 
stances are in agreement with VDE and UL cree- 
page and clearance standards. The ISOWATT218 
package eliminates the need for external isolation 
so reducing fixing hardware. 


The package is supplied with leads longer than the 
standard TO-218 to allow easy mounting on pcbs. 
Accurate moulding techniques used in manufacture 
assures consistent heat spreader-to-heatsink capa- 
citance. 


ISOWATT218 thermal performance is better than 
that of the standard part, mounted with a 0.1 mm 
mica washer. The thermally conductive plastic has 
a higher breakdown rating and is less fragile than 
mica or plastic sheets. Power derating for ISO- 
WATT218 packages is determined by : 


BU920/BU920P/BU920PFI/BU920T 


THERMAL IMPEDANCE OF ISOWATT 218 
PACKAGE 


Fig. 4 illustrates the elements contributing to the 


- thermal resistance of transistor heatsink assembly, 


using ISOWATT218 package. 


The total thermal resistance Ritn(toty is the sum of 
each of these elements. 


The transient thermal impedance, Zin for different 
pulse durations can be estimated as follows : 


1 - for a short duration power pulse less than 1 ms ; 
Zth RthJ-c 


2 - for an intermediate power pulse of 5 ms to 
50 ms: 


Zth = RthJ-c 


3 - for long power pulses of the order of 500 ms or 
greater : 


Zth = RthJ-c + Rthc-Hs + RthHs-amb 
It is often possible to discern these areas on tran- 
sient thermal impedance curves. 


Figure 4. 


ss eae RehJ-c Renc-Hs Rehtis—amb 
Rth W/V IW” IW 
kay SGS-THOMSON = 
‘V4 imcroevecrromes ~ 
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SGS-THOMSON BU921ZP/ZPFI 
ky MICROELECTRONICS BU921ZT/ZTFI 


NPN POWER DARLINGTON 


ADVANCE DATA 


ns HIGH RUGGEDNESS 
a INTEGRATED HIGH VOLTAGE ZENER 


AUTOMOTIVE MARKET 


m APPLICATION IN HIGH PERFORMANCE 
ELECTRONIC CAR IGNITION 


DESCRIPTION 


The BU921ZP, BU921ZT, BU921ZPFI and 
BU921ZTFI are silicon multiepitaxial biplanar NPN 
transistors in monolithic darlington configuration 
mounted respectively in SOT-93, TO-220 plastic 
packages and ISOWATT218, ISOWATT220 fully 
isolated packages. 


_ ABSOLUTE MAXIMUM RATINGS 


Unit | 
0) 
°C W 


| ts | BaseCurent PB 
PO 80-93 I SOWATT21B| TO-220 [ISOWATT220 
| Pror__| Total Dissipation atTe<25°C | 125 | go | 100 || 4 
= 40 to 150 
Max. Operating Junction Temperature 


October 1988 1/2 


This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice 


Emitter-base Voltage (lc = 


BU921ZP/FI-BU9212ZT/FI 


THERMAL DATA 


SOT-93 |ISOWATT218|TO-220 |ISOWATT220| 


Thermal Resistance Junction-case Max} 1 | 1.25 


ELECTRICAL CHARACTERISTICS (Tease = 25 °C unless otherwise specified) 


Test Conditions 


IcEO Collector Cut-off Current Voce = 350 V 

(Ip =0) ’ 

[ee Emitter Cut-off Current Verses Vv 
(Ic = 0) 


Vet Clamping Voltage ls =Oor Vee =0 
Ic = 100 mA 350 
T, = 125 °C 350 


VceE(sat)” | Collector-emitter Saturation lc =5A lp =50 mA 
Voltage Ic =6A lp =75 mA 
Ic =8A Isp = 120 mA 
T, = 125 °C 
Ic =5A Ip =50 mA 
Ic =6A Ip =75 mA 
Ic =8A lp = 120 mA 
i 


Voltage Ic=8A Ig = 120 mA 
300 
| tusetest | Vcc 24 L=8mH 


* Pulsed : pulsed duration = 300 ps, duty cycle=15% 


2/2 
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(@ SGS-THOMSON =_BU931R/RP/RPFI 
7 MCROELECTRONICS BU932R/RP/RPFI 


NPN POWER DARLINGTON 


» AUTOMOTIVE MARKET 

» HIGH PERFORMANCE ELECTRONIC 
IGNITION DARLINGTON 

a» HIGH RUGGEDNESS 


DESCRIPTION 


These devices are multiepitaxial biplanar NPN 
transistors in monolithic darlington configuration 
mounted in TO-3, SOT-93 and ISOWATT218 
packages. They are specially intended for automo- 
tive ignition applications and invertes circuits for mo- 
tor controls. Controlled performances in the linear 
region make them particularly suitable for car igni- 
tions where current limiting is achieved desaturing 
the darlington. 


ABSOLUTE MAXIMUM RATINGS 


TO-3 BU931R BU932R 
Symbol SOT-93 BU931RP BU932RP 
ISOWATT218 BU931RPFI BU932RPFI 


Colectoremiter Vote (se = 0} 
Emitorbase Votage (c= 0) 
Collector Current 15 


Base Peak Current (tp= 10 ms) 


5 
eo SOWATT2IB 
“40 19 200 | ~40 10 760 
200 
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BU931R/RP/RPFI-BU932R/RP/RPFI 


THERMAL DATA 


ITO-3|SOT-93/ISOWATT218| | 
Thermal Resistance Junction-case Max 


ELECTRICAL CHARACTERISTICS (T,.,5. = 25 © unless otherwise specified) 


Symbol [Parameter [Test Conditions | win. | Typ. [Max. | Unit_ 


Collector Cutoff Current for BU931R/BU931RP/BU931RPFI 
(Vee-=0) Voce =450 V 

Voce = 450 V Te = 125 °C 

for BU932R/BU932RP/BU932RPFI 
Vce =500 V 

Vce =500 V Te = 125 °C 


for BU931R/BU931RP/BU931RPFI 
Voce = 400 V 

for BU932R/BU932RP/BU932RPFI 
Voce = 450 V 


Collector Cutoff Current 
(Ip =0) 


Ic = 100 mA 
for BU931R/BU931RP/BU931RPFI 
for BU932R/BU932RP/BU932RPFI 


for BU931R/BU931RP/BU931RPFI 


Collector-emitter Sustaining 
Voltage 


VceEoO(sus)* 


Collector-emitter Saturation 


Voltage Ic =7A lp =70 mA 
Ic =8A ls = 100 mA 
Ic =10A lp =250 mA 
for BU932R/BU932RP/BU932RPFI 


lc =8A lp = 150 mA 


VpE(sat) | Base-emitter Saturation for BU932R5BU932RP/BU932RPFI 
Voltage Ic =8A lp =100 mA 
lc =10A lp =250 mA 

for BU932R/BU932RP/BU932RPFI 


Ic =8A lg = 150 mA 


DC Current Gain Ic =5A Vce =10V 300 a: ae 


USE TEST (see fig. 2) Vec =24V Velamp 2400 V 
L =7mH 


INDUCTIVE LOAD 


(see fig. 3) 
Storage Time 
Fall Time 


* Pulsed : pulse duration = 300 us, duty cycle = 1.5% 
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BU931R/RP/RPFI-BU932R/RP/RPFI 


Safe Operating Areas. 


Safe Operating Areas. 
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Collector-emitter Saturation Voltage. 
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Base-emitter Saturation Voltage. 
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Saturated Switching Characteristics (inductive 
load) (see fig. 3). 


ORIVER AND 
CURRENT 
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Clamped Reverse Bias Safe Operating Areas 
(see fig. 4). 
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Figure 2 : Functional Test Waveforms. 
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Figure 3 : Switching Times Test Circuit. 
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ISOWATT 218 PACKAGE CHARACTE- 
RISTICS AND APPLICATION 


ISOWATT218 is fully isolated to 4000 V dc. Its ther- 
mal impedance, given in the data sheet, is optimi- 
sed to give efficient thermal conduction together 
with excellent electrical isolation. 


The structure of the case ensures optimum dis- 
tances between the pins and heatsink. These dis- 
tances are in agreement with VDE and UL creepage 
and clearance standards. The ISOWATT218 
package eliminates the need for external isolation 
so reducing fixing hardware. 


The package is supplied with leads longer than the 
standard TO-218 to allow easy mounting on pcbs. 
Accurate moulding techniques used in manufacture 
assures consistent heat spreader-to-heatsink capa- 
citance. 


ISOWATT218 thermal performance is better than 
that of the standard part, mounted with a 0.1 mm 
mica washer. The thermally conductive plastic has 
a Higher breakdown rating and is less fragile than 


BU931R/RP/RPFI-BU932R/RP/RPFI 


Figure 4 : Clamped Esp Test Circuit. 


Dele or| laa] lp 
tp = adjusted for nominal Ic 
Rep = 12 


Test conditions : 
5V> | = Ves | >0 
Ic/Ip = 40 


THERMAL IMPEDANCE OF ISOWATT 218 
PACKAGE 


Fig. 5 illustrates the elements contributing to the 
thermal resistance of transistor heatsink assembly, 
using ISOWATT218 package. 


The total thermal resistance Rihitot) is the sum of 
each of these elements. 


The transient thermal impedance, Zin for different 
pulse durations can be estimated as follows : 


1. for a short duration power pulse less than 1 ms ; 
Zth < Rthu-c 

2. for an intermediate power pulse of 5 ms to 50 ms ; 
Zth = RthJ-c 


3. for long power pulses of the order of 500 ms or 
greater: ° 


Zth = Rthu-c + Rthc-Hs + RthHs-amb 


It is often possible to discern these areas on tran- 
sient thermal impedance curves. 


mica or plastic sheets. Power derating for ISO- Figure 5 
WATT218 packages is determined by : Rthu-c Rthco-Hs RthHs-amb 
T; —Te eemAVAVA Varn VAVA Vere AVA Vers 
Pp = 
Rih 
Gy, SGs-THOMSon 
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NPN POWER DARLINGTON 


a HIGH RUGGEDNESS 
a INTEGRATED HIGH VOLTAGE ZENER 


AUTOMOTIVE MARKET 


m APPLICATION IN HIGH PERFORMANCE 
ELECTRONIC CAR IGNITION 


ISOWATT 218 


INTERNAL SCHEMATIC DIAGRAM 


C 


B 
DESCRIPTION 
The BU931Z, BU931ZP and BU931ZPFI are silicon 
multiepitaxial biplanar NPN transistors in monolithic 
darlington configuration mounted respectively in S¢-0367 
TO-3 metal case, SOT-93 plastic package and ISO- 


WATT218 fully isolated package. ‘ 


ABSOLUTE MAXIMUM RATINGS 


Collector-emitter Voltage (Vax = 0) 
Collector-emitter Voltage (lp = 0) 350 
| ts | BaseCurent | A 
po OS | S0T-93_|ISOWATTZIB| | 
Total Dissipation at Te < 25 °C a ae ee 
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BU931Z/ZP/ZPFI 


THERMAL DATA 


TO-3|SOT-93/ISOWATT218, 
Thermal Resistance Junction-case Max 


ELECTRICAL CHARACTERISTICS (T,,;. = 25 °C unless otherwise specified) 


[Symbol | Parameter_| Test Conditions | Min. | Typ. | Mex. | Unit 


IoL Clamping Current Vce = 350 
either Ip =0 250 pA 
or VBE =0 250 LA 
ICE (off) Collector-emitter off State Veco =16V 7) =125°C 0.5 mA 
Current (Ig = 0) Vee = 300 mV 
C — 


VoL Clamping Voltage lg =Oor Vee = 0 
Ic =8A ls = 100 mA 


Ic = 100 mA 
T, = 125 °C 

VcE(sat)* 
Ic =10A Ip = 150 mA 
VeE(saty. | Base-emitter Saturation Ic =8A Is = 100 mA 
Voltage lc =10A ls =250 mA 


lc =7A lg =70mA 
Base-emitter Voltage 


Ic =8A Ip = 100 mA 
Diode Forward Voltage lr =10A a 


Ic =10A ls = 150 mA 
Es/p Second Breakdown Energy L=410mH In =10A ay 
Unclamped 7 ied 


Is/b Second Breakdown Collector 
Current 


Collector-emitter Saturation 
Voltage 


Tj = 125 °C 
lc =7A Is =70 mA 


t =500 ms for BU931Z 
t = 250 ms for BU931ZP 
t = 250 ms for BU931ZPFI 


| | USE TEST (see fig. 2) Voc =24V LL =7 mH 
* Pulsed : pulse duration = 300 ps, duty cycle = 1.5 %. 
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BU931Z/ZP/ZPFI 


DC Current Gain. 


Safe Operating Areas. 
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Collector-emitter Saturation Voltage. 
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Collector-emitter Saturation Voltage. ISOWATT 218 PACKAGE CHARACTE- 
RISTICS AND APPLICATION 


ISOWATT2718 is fully isolated to 4000 V de. Its ther- 

mal impedance, given in the data sheet, is optimi- 

zed to give efficient thermal conduction together 
with excellent electrical isolation. ° 


a The structure of the case ensures optimum dis- 
PRR tances between the pins and heatsink. These dis- 
tances are in agreement with VDE and UL creepage 
and clearance standards. The ISOWATT218 
package eliminates the need for external isolation 
so reducing fixing hardware. 


The package is supplied with leads longer than the 
standard TO-218 to allow easy mounting on pebs. 
Accurate moulding techniques used in manufacture 
assures consistent heat spreader-to-heatsink capa- 
citance. 


ISOWATT218 thermal performance is better than 
that of the standard part, mounted with a 0.1 mm 
mica washer. The thermally conductive plastic has 
a higher breakdown rating and is less fragile than 
mica or plastic sheets. Power derating for ISO- - 
WATT218 packages is determined by : 


GC-03 


on 


8 
VcEtsat) 
(V} 


Bea 


Tj = Te 
ORIVER AND Pp = 
CURRENT Rth 
LIMITING 
CIRCUIT THERMAL IMPEDANCE OF ISOWATT 218 
PACKAGE 


Fig. 3 illustrates the elements contributing to the 
thermal resistance of transistor heatsink assembly, 
using ISOWATT218 package. 


The total thermal resistance Rinitot) is the sum of 


Test duration : 2 sec. S- 3676 each of these elements. 
The transient thermal impedance, Ztn for different 
Figure 2 : Functional Test Waveforms. pulse durations can be estimated as follows : 
1. for a short duration power pulse less than 1 ms ; 
Zth RthJ-c 

Neut 2. for an intermediate power pulse of 5 ms to 50 ms: 
SIGNAL é Zth = RthJ-c 

3. for long power pulses of the order of 500 ms or 
BASE greater : 
CURRENT 

Zth = Rthu-c + Rinc-Hs + RthHs-amb 

COLLECTOR It is often possible to discern these areas on tran- 
CURRENT ; sient thermal impedance curves. 

Figure 3. 
COLLECTOR 
EMITTER Rthu-C Rthc-Hs RthHs-amb 
VOLTAGE — See VAVAV a AVAVAV AV AV AV 
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L482 


HALL—-EFFECT PICKUP IGNITION CONTROLLER 


a DIRECT DRIVING OF THE EXTERNAL 
POWER DARLINGTON 

a COIL CURRENT CHARGING ANGLE (DWELL) 
CONTROL 

a COIL CURRENT PEAK VALUE LIMITATION 

a CONTINUOUS COIL CURRENT PROTECTION 

» CONDUCTION AND DESATURATION TIME 


OUTPUT SIGNALS 

a PERMANENT CONDUCTION PROTECTION 
RESET OUTPUT SIGNAL 

mn» OVERVOLTAGE PROTECTION FOR EXTER- 
NAL DARLINGTON 


u LOAD DUMP PROTECTION 


DESCRIPTION 

The L482 is an integrated circuit designed for use 
with an NPN darlington in breakerless ignition sys- 
tems with hall-effect pickup sensors and high energy 
ignition coils. 

It controls the energy stored in the ignition coil and 
the desaturation time of the external darlington to 
limit the power dissipation. 


PIN CONNECTIONS (top views) 


CHARGING ANGLE 


DRIVING STAGE 
PERIOD SIGNAL OUTPUT 


OVERVOLTAGE 


HALL-EFFECT INPUT LIMITATION 


OWELL CONTROL 
DWELL CONTROL 


TIMER 
HALL SENSOR SUPPLY 


DESATURATION TIME 
SIGNAL 


REFERENCE VOLTAGE 


PERMANENT 
CONDUCTION 
RESET OUTPUT 


PERMANENT CONDUCT, | 8 
PROTECTION TIMER 


November 1988 


ORDER CODES : L482 (DIP-16) 
L482D1 (SO-16J) 


The L482 is also particularly suitable for use as ig- 
nition control and driving stage in more sophisti- 
cated car electronic systems which employ 
microprocessor circuits. 


CHARGING ANGLE 


DRIVING STAGE 
PERIOD SIGNAL OUTPUT 


OVERVOLTAGE 


HALL-EFF N 
st alaks LIMITATION 


OWELL CONTROL 
DWELL CONTROL 
TIMER GROUND 
HALL SENSOR SUPPLY SIGNAL GROUND 


DESATURATION TIME 
SIGNAL 
REFERENCE VOLTAGE 


PERMANENT CONDUCT ] 8 
PROTECTION TIMER 
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ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter 
Reverse Battery Voltage 
Dump Voltage (tn = 5ms, t+ = 100ms) 


Prot Power Dissipation at T = 90°C S016 


DIP 
Junction and Storage Temperature 


BLOCK DIAGRAM 


DESATURATION 'ON OVERVOLTAGE 


SIGNAL SIGNAL O 
DRIVER DRIVER PROTECTION 
Y ORIVER 
© 


CONTROL LOGIC DRIVER 


SOFT 

CUTOFF CURRENT OUMP 
SIGNAL CONTROL PROTECTION 
DRIVER 


THERMAL DATA (DIP-16) 


Thermal Resistance Junction-ambient Max a ee oe 


THERMAL DATA (SO-16J) 


Thermal Resistance Junction-alumina Max 


(*) Thermal resistance junction-aluminia with the device soldered on the middle of an aluminia supporting substrate measuring 15 x 20mm ; 
0.65mm thickness with infinite heatsink. 
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PIN FUNCTIONS (refer to fig. 3 for DIP-16 package) 


CONDUCTION 
TIME SIGNAL 


HALL-EFFECT INPUT 


DWELL CONTROL 


DWELL CONTROL TIMER 


HALL SENSOR SUPPLY 


DESATURATION TIME 
SIGNAL 


REFERENCE VOLTAGE 


PERMANENT CONDUCT. 
PROTECTION TIMER 


PERMANENT CONDUCT. 
RESET OUTPUT 
(no available in 
Micropackage) (*) 


CURRENT SENSING 
INPUT (*) 


DUMP PROTECTION (*) 


POWER SUPPLY (*) 


Function 


A low level on this output signal indicates when the external darlington 
is in the ON condition i.e. when the current flows through the coil (ton 
in fig. 1). 


Hall-effect Pickup Input. A high level on this pin enables the current 
driving into te coil. The effective coil charge will be a function of the 
dwell contro! logic. A High to Low transition from the Hall-effect pickup 
is the signal for ignition actuation. The input signal, supplied by the 
open collector output stage of the Hall-effect sensor, has a duty cycle 
typically about 70%. 


The average voltage on the capacitor C2 connected between this pin 
and ground depends on the motor speed and the voltage supply. The 
comparison between Vco2 and Vcs voltages determines the timing for 
the dwell control. The recommended value is 100nF using a 100KQ 
resistor at pin 7. For the optimized operation of the device, Co=Cs. 


The capacitor Cs connected between this pin and ground is charged 
when the Hall-effect output is high and is discharged at the High to 
Low transition of the Hall-effect signal. The recommended value is 
100nF using a 100KQ resistor at pin 7. 


This pin can be used to project the Hall-effect pickup against the 
voltage transients. The resistor Ra limits the currrent into the internal 
zener. 


Open Collector Output Signal. This output is high when the external 
darlington is in desaturatiuon condition (current limitation), see ty pulse 
in fig. 1. 


A resistor R11; connected between this pin and ground sets the internal 


current used to drive the external capacitors of the dwell control (C2 
and Cs) and permanent conduction protection (C;). The recommended 
value is 100KQ. 


A capacitor C; connected between this pin and ground determines 
the intervention delay of the permanent conduction protection, tp< of 
the figure 2. With a 1F capacitor and 100KQ resistor R;, at pin 7 
the typical delay is 1s. 


A low pulse on this output detects the intervention of the permanent 
conduction protection, as shown in figure 2. Typically the duration of 
the time t, is more than 100us. 


Connection for coil current limitation. The current is measured on the 
sensing resistor Rg and divided on Ry;/Ro resistors. The current 
limitation value is given by : 

R; + Ro 

Rs ¢ Ro 


The device is protected against the load dump. In load dump condition 
an internal circuit, based on a zener diode and a darlinton transistor, 
switches off the external darlington and short circuits the supply. By 
means of the external divider R8/R9 the protection threshold can be 
changed and is given as first approximation by : 
Voth = 8.5 ° rie 2 45°1074 + Re 

9 
(the resistor R8 value must be higher than 4KQQ). 


lseEns = VSens 


Supply Voltage Input. A 7V (typ) zener is present at the input. The 
external resistor R7 limits the current through the Zener for high 
supply voltages. 
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PIN FUNCTIONS (continued) 


GROUND This pin must be connected to ground. 
14 


DRIVER COLLECTOR The collector current of the internal driver which drives the external 
darlington is supplied through this pin. The external resistor R19 limits 
the dissipation in the I.C. The value of the resistor is a function of the 
darlington used and of the limiting current in the coil. 


OVERVOLTAGE The darlington is protected against overvoltage by means of an 
LIMITATION internal zener available at this pin. The external divider Rs5/Reg defines 


the limitation value, given as first approximation by : 
Vovp = (22 +5 +1073) * Re + 30 
Rs 
DRIVING STAGE Current driver for the external darlington. To ensure stability and 
OUTPUT precision of Tgesat C3 and Rg must be used. Recommended value 
for R3 is 2KQ in order not to change the open loop gain of the system. 
Rc may be added to Cz to obtain greater flexibility in various 
application situations. 
C3 and Rc values ranges are 1 to 100nF and 5 to 30KQ depending on 
the external darlington type. 


(") These pins refer only to the DIP package type. 
For the SO 16 version the permanent conduction reset output signal !s not available and the pin 9 becomes the current sensing input Pin 10 
replaces the pin 11 function, pin 11 becomes the power supply input and pin 12 is used as the signal ground. 


ELECTRICAL CHARACTERISTICS (Vz = 14 V, — 40°C <T; < 125°C referred to application circuit of 


figure 3 regarding DIP-16 package version) 

Symbol |_______Parameter__——_—+| ‘Test Conditions | Min. | Typ. | Max. | Unit_ 
| Vs __| Operating Supply Voltage Ria ee eae rea 
[Is | Supply Current 
| Vz | Zener Voltage (pin 12) Iz =80mA 


Sensor Input (pin 2) 
LOW Voltage 
HIGH 


Sensor Input Current (pin 2) V; = LOW 
Vs =6 to 16V 


Hall-cell Supply Zener Voltage (pin 5) 


Vs 
Is 
Vz 
Vi 
ate ("| | 
Tams = 25°C 
VcE sat Series Darlington Driver Sat. Voltage lp = 70MA mrs 
(Via—Vi6) lo = 150mA 0.4 1.0 V 


Current Limit. Sensing Voltage (pin 10) Vs =6 to 16V 200 a 
C2 Discharge Current Vs =6 to 16V 0.2 3.4 
(*) Note 1 20 
35 


iN D> 
ol on 
S) 
on 
<< 


x 

ae) 
cs 
2 

> 


as 
© 
Nh 
Nh 
8 
o1 
< 


C2 Charge Current 
External Darlington Overvoltage lovz = 5mA to 15mA 
Protection Zener Voltage TamB = 25°C 


Reference Voltage 


Vovz 


Nw nN 
| alos 
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ELECTRICAL CHARACTERISTICS (Continued) 


| Symbot_| ___Pavameter_{_Test Goneitione_{_win. | Typ. | max. Unit 


Permanent Conduction Protection Time V;=H 0.5 1 2 
(pin 8) (see fig. 2) C, = 1pF 


Charging Angle Output Voltage 
LOW Isink =0 0.5 
Isink =1mA 1.2 
HIGH Isource = 1.5mMA 
lsource =2.5mA 


ve Basak Time Our Law Votags [isan 20.5ma a 
[te [ oe Tne estage Curent ind ve esv_— [Pe an 


Permanent Conduction Reset Leakage Vg =5V 10.5 pA 
Current (pin Fe 


(*) Note 1° TD/T is given by the formula : 


<<< 


< 


1 
/T= ——— - see fig. 1 
‘ 1 + Isc/lap 


APPLICATION INFORMATION 
Figure 1 : Main Waveforms. 


MAIN WAVEFORMS 
us HALL EFFECT 
INPUT 
t 


UCS 
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CONTROL 


COIL 
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t 


Y1 CONDUCTION 
TIME SIGNAL 
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UCE 


EXTERNAL 
DARLINGTON 
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Figure 2 : Low Frequency Condition and Permanent Conduction Protection. 


ONLY FOR DIP-16 
PACKAGE VERSION 


$-7564/1 


Figure 3 : Application circuit (DIP—16). 


HALL SENSOR 
SUPPLY 


HALL SENSOR 
INPUT 


CONDUCTION 
TIME OUTPUT 


DESATURATION O 
TIME OUTPUT 


PERMANENT BUS31R 
CONDUCTION © (8U930Z2) 
PROTECTION OUTPUT x 


*KWITH INTERNAL PROTECTION ZENER 
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Figure 4 : Application Circuit (SO-16). 


HALL SENSOR 
SUPPLY 


HALL SENSOR 
INPUT 


CONDUCTION 


TIME OUTPUT L482D1 


DESATURATION Co 
TIME OUTPUT 


WITH INTERNAL PROTECTION ZENER 


CIRCUIT OPERATION 


The L482 control the conduction time (dwell) and 
the peak value of the primary current in the coil over 
the full range of operating conditions. 


The coil current is limited to a predetermined level 
by means of a negative feedback circuit including a 
current sensing resistor, a comparator, the driver 
stage and the power switch. 


The dwell control circuit maintains the output stage 
in its active region during current limitation. The time 
the output stage is in the active region (desaturation 
time) is sufficient to compensate for possible vari- 
ations in the nergy stored due to the acceleration of 
the motor ; moreover this time is limited to avoid ex- 
cessive power dissipation. 


CONTROL OF THE DWELL ANGLE (fig. 1 and 4) 


The dwell angle control circuit calculates the con- 
duction time D for the output transistor in relation to 
the speed of rotation, to the supply voltage and to 
the characteristic of the coil. 


On the negative edge of the Hall-effect input signal 
the capacitor C2 begins discharging with a constant 
current I3p. When the set peak value of the coil cur- 


L482 


BUS3IR 
(BU930Z) 
* 


S$-7566/1 


kept constant by desaturating the driver stage and 
the external darlington. 


The capacitor Cs starts charging on the positive 
edge of the Hall-effect input signal with a constant 
current Iqc. 


The dwell angle, and consequently the starting point 
of the coil current production, is decided by the com- 
parison between Vc2 and Vcs. A positive hysteresis 
is added to the dwell comparator to avoid spurious 
effects and Cs is rapidly discharged on the negative 
edge of Hall-effects input signal. 


In this way the average voltage on C2 increases if 

the motor speed decreases and viceversa in order 

to maintain constant the ratiotd at any motor speed. 
c 


td is kept constant (and not d = cost) to control the 
power dissipation and to have sufficient time to 
avoid low energy sparks during acceleration. 

The charging time D — td depends on the coil and 
the voltage supply. 

DESATURATION TIMES IN STATIC CONDI- 
TIONS.In static conditions, if Co = C5 as recom- 
mended and if the values of the application circuit 
of fig. 3, 4 are used. 


rent is reached, this capacitor charges with a con- td 1 
stant current I3c = 13.3 x Isp and the coil current is T  4+Isc/lap_ 
Gy SGs-THoMson — 
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DESATURATION TIMES IN LOW AND HIGH FRE- 
QUENCY OPERATION. Due to the upper limit of 
the voltage range of pin 3, ifthe components of fig. 3, 
4 are used, below 10Hz (300RPM for a 4 cylinder 
engine) the OFF time reaches its maximum value 
(about 50ms) and then the circuit gradually loses the 
control of the dwell angle because D = T — 50ms 


Over 200Hz (6000RPM for a 4 cylinder engine) the 
available time for the conduction is less than 3.5ms. 


lf the used coil is 6MH, 6A, the OFF time is reduced 
to zero and the circuit loses the dwell angle control. 


TRANSIENT RESPONSE. The ignition system 
must deliver constant energy even during the con- 
dition of acceleration and deceleration of the motor 
below 80Hz/s. These conditions can be simulated 
by means of a signal generator with a linearly modu- 
lated frequency between 1Hz and 200Hz (this corre- 
sponds to a change between 30 and 6000RPM for 
a 4 cylinders engine. 


CURRENT LIMIT. The current in the coil is moni- 
tored by measuring the Isense current flowing in the 
sensing resistor Rs on the emitter of the external dar- 
lington. Isense is given by : 


Isense = Ico + l16 
When the voltage drop across Rs reaches the inter- 
nal comparator threshold value the feedback loop is 
activated and Isense kept constant (fig. 1) forcing the 
external darlington in the active region. In this con- 
dition : 
Isense = Icoil 

When aprecise peak coil current is required Rs must 
be trimmed or an auxiliary resistor divider (R1, Re) 


added : 

VSENS Ri 
Icpeak (A = — 
cpeak (A) Rs ( Rp 


+1) 


PROTECTION CIRCUIT 


PERMANENT CONDUCTION PROTECTION 


The battery voltage is applied to ignition module by 
means of the ignition key. In these conditions, with 
the motor stopped, it is necessary that there is no 
permanent conduction in the ignition coil irrespec- 
tive of the polarity of the input signal. 


The L482 incorporates a timing circuit to implement 
this protection ; the duration of the intervention is set 
by means of a capacitor C1 at pin 8 = 1uF, and 
Rii = 100kQ, when the input signal is high for more 
than 1 s, the coil current gradually decreases down 
to zero to avoid spurious sparks (see fig. 2). 


This timing allows normal operation of the module 
above 30RPM. 


DARLINGTON OVERVOLTAGE LIMITATION 


The darlington is protected against overvoltage by 
means of an external divider Rs/Re (pin 15) and an 
internal zener. This zener drives the external dar- 
lington in order to limit the collector voltage. 


REVERSE BATTERY PRTOTECTION. Due to the 
presence of external impedance at pin 5, 10, 11, 14, 
15, L482 is protected against reverse battery volt- 
age. 


DUMP PROTECTION. 


The load dump protection withstands up to 100V 
with a decay time < 300ms. The intervention thre- 
shold for load dump is fixed by means of an exter- 
nal divider connected to pin 11 (DIP-16 package 
version) or to pin 10 using a Micropackage type. 


NEGATIVE SPIKE PROTECTION.If correct oper- 
ation is requested also during short negative spikes, 
the diode DS and capacitor Cs must be used. 


USE OF THE IC ELECTRONIC ADVANCE SYS- 
TEM 


When the device is digitally controlled the control 
unit transmits a suitable input signal to the power 
module, receiving in turn information that allows the 
control of the dwell and the on time of the final tran- 
sistor. 


For this reason L482 provides the following outputs : 


= a time signal equal to the time in which the final 
Darlington is in the active regioni.e. when the coil 
current is limited (Vas) as shown in figure 1. This 
signal must be TTL compatible. 

» a TTL compatible output from the timing circuit 
(Vrs in figure 2). This pulse, available only using 
the DIP-16 package version is present after the 
protection against cranking transients. 

= a time signal equal to the time in which the final 
Darlington, is in "on" condition (Von) i.e. when the 
current flows through the coil, see fig. 1. 


OTHER APPLICATION INFORMATION 


If the supply voltage is disconnected - or the battery 
wire is broken - while the current is flowing through 
the coil, the external diode D1 keeps the coil current 
from recirculating into the device : in this way both 
device and darlington are protected. 


The zener diode Dz, connected between pin 14 and 
GND, allows to withstand positive spikes up to 200V. 


The device - used in the recommended application 
circuit - satisfies the ISO/DP 7637/1 overvoltage 
standard. 
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L484 


MAGNETIC PICKUP IGNITION CONTROLLER 


s DIRECT DRIVING OF THE EXTERNAL DAR- 
LINGTON 

» OPERATES WITH A WIDE RANGE OF MAG- 
NETIC PICKUP TYPES 

a CHARGING ANGLE (DWELL) CONTROL 

a COIL CURRENT PEAK LIMITATION 

» CONTINUOUS COIL CURRENT PROTECTION 

s TACHOMETER SIGNAL OUTPUT 

» EXTERNAL DARLINGTON OVERVOLTAGE 
PROTECTION 

» LOAD DUMP AND REVERSE BATTERY PRO- 
TECTION 

» POSSIBILITY OF SPARK POINT DELAYING 
(ANTI KNOCK SYSTEM) 


DESCRIPTION 


The L484 is an integrated circuit designed for use 
with an NPN darlington in breakerless ignition sys- 
tems with magnetic pickup sensors and high energy 
ignition coils. 

A key feature of the L484 is flexibility. It can be used 
with a wide variety of magnetic sensors thanks to 


BLOCK DIAGRAM 


OWELL 
ADJUST 
CONTROL 


ZERO 
CROSS 
DETECTOR 


November 1988 


CURRENT 
CONTROL 


the special design which has two input pins from the 
pickup ; the first is the zero crossing detector for the 
ignition command and the second pin is used to cal- 
culate the dwell time. Moreover another pin is used 
to adapt the L484 to various pickup types. 


Other features of the device include darlington over- 
voltage protection, dump protection, a supply volt- 
age range of 6-28 V. 


SO-16J 


ORDER CODES : L484 (DIP-16) 
L484D1 (SO-16J) 


O 
DUMP 
PROTECTION 


Brake ack DARLINGTON e 
C) 


TACHOMETER 
SIGNAL 
DRIVER 


@ 
S 
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ABSOLUTE MAXIMUM RATINGS 


Reverse Battery Voltage 


Dump Voltage 


PIN CONNECTION 


DRIVING STAGE 
OUTPUT 


VOLTAGE 
PICKUP INPUT ST TATION 


CURRENT SENSING 


PERMANENT 
CONDUCTION TIMER 


PERMANENT 
CONDUCTION INHIBIT 


RPM OUTPUT 


DOWELL TIME ADJUST 


DOWELL TIMER 


ZERO CROSSING INPUT |} 8 


THERMAL DATA (DIP-16) 


Thermal Resistance Junction-ambient Max er: ae 


THERMAL DATA (SO-16J) 


Thermal Resistance Junction-alumina Max 
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PIN FUNCTIONS (refer to fig. 2) 


CURRENT SENSING 


Connection for Coil Current Limitation. The current is measured on the 
sense resistor Rsens and divided on R1/R2. The current limitation 
value is given by : 
R1+ R2 
Rsens R2 


INPUT 
Magnetic Pickup Signal Input. This pin sets the dwell time, i.e. the max 
negative pickup voltage value starting from which the device can drive 
the current into the coil: The real dwell time will be a function of the 
dwell control logic. Increasing the resistor R11 the maximum 


PICKUP INPUT 
conduction time increases. The max input current foreseen is 2mA. 


PERMANENT CONDUCT. | A capacitor C1 connected between this pin and ground sets the delay 
PROTECTION TIMER of the permanent conduction protection in the coil current. Using a 
50nF capacitor the typical desaturation time delay for the protection is 


3 
75ms. 


4 PERMANENT CONDUCT. | A low level on this input (max 0.7V) disables the protection, irrespective 
PROTECTION INHIBIT of the state of pin 3. If the protection is used this pin must be left open. 
RPM OUTPUT Open collector output signal which is at a low level when the final 


darlington is in ON status. The current is internally limited at 10mA. 
DWELL TIME ADJUST 


ISENS = 


At high motor rotation speeds, i.e. when the peak value of the 
magnetic pick-up signal exceedes 6V using R12 = 100KQ, this pin may 
be used to vary the dwell ratio. Adding a resistor in series Ra between 
this pin and pin 11 the desaturation time is reduced. It is therefore 
possible to use this pin to adapt the L484 to various pickup types. The 
maximum value of the resistor Ra is 200KQ. 


DWELL CONTROL TIMER] A capacitor C2 connected between this pin and ground sets the timing 
for the dwell control. The recommended value is 100nF. The 

resistors Rp/Re provide an hysteresis to confirm ON state and avoid 
spurious sparks. 


A low level on this pin forces the external darlington into conduction 
particularly useful in anti knock system. This function is particularly 
useful in antiknock system because provides a spark time delay. 
Anyway the current limitation, the permanent conduction protection and 


ZERO CROSSING INPUT | Zero cross detector input of the magnetic pickup signal for the ignition 
actuation. At high motor rotation speeds, the external resistor R12 may 
be used to vary the desaturation time ratio, to adapt the L484 to 
various signal waveforms of time magnetic pick-up. Reducing the 
resistor value the dwell time increases. Typically the range of values 
POWER-ON INPUT 
the dump protection are operating even when pin 9 is at a low level. If 
this function is not used it must be left open. 
SIGNAL GROUND This pin must be connected to ground. 
11 POWER SUPPLY Supply Voltage Input. A 7V (typ) zener is present at the input. The 
external resistor R9 limits the current through the zener for higher 
* this function is particularly useful in antiknock systeme because provides a spark time delay. anyway the current limitation, the pemanent con 


for resistor R12 is from 50KQ to 150KQ. 
supply voltages. 
duction protection and the dump protection are operating even when pin 9 Is at a low level. 
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PIN FUNCTIONS (continued) 


DRIVER COLLECTOR 
INPUT 


OVERVOLTAGE 
LIMITATION 


DRIVING STAGE 
OUTPUT 


4/9 


54 


The device is protected against the load dump. In load dump condition 
an internal circuit, based on a zener diode and a darlington transistor, 
switches off the external darlington and short circuits the supply. 

By means of the external divider R8/R9 the protection threshold can be 
changed and is given as first approximation by : 


Vance | —) +5°10~7 R8 
us resistor R9 value must be higher than 4KQ). 


The collector current for the internal driver which drives the external 
darlington is supplied through this pin. The external resistor R10 limits 
the dissipation in the IC. The value this resistor depends on the 
darlington used and on the limiting current in the coil. 


The external darlington is protected against overvoltage by means of 
an internal zener available at this pin. The external divider R5/R6 
defines the limitation value, typically given by : 

Vis = (er +5*1073) + R6+30 

Current Driver for the External Darlington. To ensure stability on the 
current limitation loop a capacitor C3 (typically 2.2nF, this value 
depending on the darlington used) must be connected between this pin 
and the current sensing input (pin 1). 
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ELECTRICAL CHARACTERISTICS (Vz = 14.4V ; Ty = - 40 to 125°C unless otherwise specified ; 
referred to the test circuit) 


[reel | —_Sereeste___[ esr oss Tom. [pe ie [ur 
ee eee 


Vis Input Stage Voltage (pin 2 with 160 } 200 240 mV 
10KQ resistor) 
(pin 2) 


Current Limitation Sensing Voltage (pin 1) }Vs=6to16V =6 to 16V | 200 | | 320 | 


Vzc Zero eteeene Thresh. aes (pin 8) 


Cp we_t Charge aa at LOW RPM 


Cp wect Discharge Current Vpick-up = 0.5V ; 
or pin 6 not connected 
I7p/l7c (*) Note 1 


at HIGH RPM 


I7p 


Cp wect Charge Current 


Cp wecc Discharge Current 


Voin3 Threshold Voltage 
7 Output Current 

Continuous Coil Current Protection Inhibit 0.7 
LOW Voltage (pin 4). 

VecEsat Series Darlington Driver lbintga = 150mMA 0.4 1 V 
aa ae Voltage ee 14-16) lpintg = SOMA 0.6 V 
Zener Vo. Pint? =i sama = 140mA res | [esl v | 

ee External Darlington Overvoltage Tamb = 25°C 25 35 V 
Protection Zener Voltage Ipints = 9 to 15mA 


|_—loe_| Pi. # Output Grant Low Status _} Vo <O¥_—_j__}__{_3_1 ma 


V pick-up = 9V 


Tachometer Signal Output LOW Voltage. | ON Condition 
(pin 5) Isink = 0.5mMA 
Output Leakage (pin 5) OFF Condition 


Vpin5 = 5V 
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DUMP PROTECTION 


(*) Note 1 : TD/T 1s given by the formula : 


wD: 1 
“tT  —- 44:17D/I7C 
(**) Note 2: 
TD K 
“T 44 17D/I7C 


K value depends on the pick-up used tn the application ; typically K = 0.1 


[symbar [Parameter | Test Conaitions | win. | Typ. | wax. | Uni | 
[voz | ZererOump (pinta) Sime eee 75] | os | 


(***) Note 3 ‘ the permanent conduction protection is guaranteed over the full temperature range 


- 


CIRCUIT OPERATION 


The L484 controls the charging angle (dwell) and 
the peak value of the primary current in the coil over 
the full range of operating conditions. 


The coil current is limited to a predetermined level 
by means of a negative feedback circuit including a 
current sensing resistor, a comparator, the driver 
stage and the power switch. 


The dwell control circuit Keeps the output stage in 
its active region during current limitation. The time 
the output stage is operating in the active region (de- 
saturation time), is sufficient to compensate for 
possible variation in the energy stored due to the ac- 
celeration of the motor ; moreover this time is limited 
to avoid excessive power dissipation. 


MAGNETIC PICK-UP CHARACTERISTICS 


The typical magnetic pickup waveforms are shown 
in fig. 1, the amplitude of the signal being a function 
of the frequency. However on the market there are 
many types of magnetic pickup, of which the wave- 
forms may differ very much. Adjusting the value of 
the resistor R11 on pin 2 and/or adding a resistor Ra 
between the pin 6 (dwell adjust) and pin 11, as 
shownin the application circuit, itis possible to adapt 
the L484 to a wide range of magnetic pickup wave- 
forms. 


Particularly by means of the resistor R11 on pin 2 it 
is possible to define the maximum advance of the 
conduction start into the coil . This is very useful at 
high pick-up frequency. 
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CONTROL OF THE DWELL ANGLE 


The dwell angle control circuit defines the conduc- 
tion time of the output darlington, versus the speed 
of rotation, the supply voltage and the characteris- 
tics of the coil. 


In each cycle the time the transistor operates in the 
active regionis compared with a reference time and 
the error signal amplified to advance or delay the 
conduction in the next cycle. To limit the power dissi- 
pation the desaturation time is typically fixed 
to 10% of the period T. 


At very low frequencies the ON thershold is fixed at 
200mV of the input signal and the desaturation time 
is mainly determined by the peak waveform. This 
positive threshold also prevents permanent conduc- 
tion when the motor is stopped. When the input fre- 
quency increases the dwell contro! gradually sets 
the desaturation time to 10% of the period. At higher 
frequencies the ON threshold becomes negative to 
permit a conduction angle of more than 50% always 
keeping desaturation time to 10% of the period. 


CURRENT LIMITING 


The current in the coil is measured by means of a 
voltage drop across a suitable resistor in the emit- 
ter lead of the power transistor. When the threshold 
voltage (260mV typ) is reached, the coil current is 
kept constant via a feedback loop. 
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DARLINGTON OVERVOLTAGE LIMITATION 


The darlington is protected against overvoltage by 
means of an external divider R5/Re (pin 15) and an 
internal zener. This zener drives the external dar- 
lington in order to limit the collector voltage. 


CHARGING ANGLE SIGNAL OUTPUT 


This signal is intended for tachometer applications 
(pin 5). It consists of an open collector stage with 
current internally limited at 10ma 


PROTECTION CIRCUITS 
PERMANENT CONDUCTION PROTECTION 


This function is intended to prevent continuous cur- 
rent conduction in the final stage when the magnetic 
pickup is open or intermittent. The duration of the in- 
tervention is set by means of a capacitor 1 at pin 3. 
Grounding pins 3 or 4, this protection is eliminated. 
The inhibit function at pin 4 is particularly useful 
when an external logic control is used to disable the 
permanent conduction protection. 


REVERSE BATTERY AND DUMP PROTECTION 


Due to the external resistors Re, R7, Rs, Rio the de- 
vice is protected against reverse battery. The load 
dump protection withstands up to 100V with a decay 
time < 300ms. The intervention threshold for load 


L484 


"POWER ON" SIGNAL INPUT 


In the low status this input forces the external dar- 
lington into conduction (pin 9). This control input can 
be used together with the conduction time informa- 
tion coming from pin 5 to bypass the normal dwell 
time calculation. When an external logic control is 
used to recognize particular engine condition (as in 
anti Knock system). 


dump is fixed by means of an external divider con- 
nected to pin 11. 


OTHER APPLICATION INFORMATION 


If the supply is voltage disconnected - or the battery 
wire is broken - while the current is flowing through 
the coil, the external diode D1 keeps the coil current 
from recirculating into the device : in this way both 


- device and darlington are protected. 


The zener diode Dz, connected between pin 14 and 
GND, allows to withstand positive spikes up to 200V. 
The device - used in the recommended application 
circuit - satisfies the ISO/DP 7637/1 overvoltage 
standard. 


Figure 1 : Typical Magnetic Pick-up Waveform and L484 Response at low and high 
fequency. 


7 SGS-THOMSON 


7/9 


MICROELECTRONICS 


57 


L484 


Figure 1 : Typical Magnetic Pick-up Waveform and L484 Response at Low and High Frequency 
(continued). 
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Figure 2 : Application Circuit. 
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HALL EFFECT PICKUP IGNITION CONTROLLER 


» DIRECT DRIVING OF THE EXTERNAL PO- 
WER DARLINGTON 

a» COIL CURRENT CHARGING ANGLE (dwell) 
CONTROL 

a PROGRAMMABLE COIL CURRENT PEAK 
LIMITATION 

a PROGRAMMABLE DWELL RECOVERY TIME 
WHEN 94% NOMINAL CURRENT NOT REA- 
CHED 

a RPM OUTPUT 

» PERMANENT CONDUCTION PROTECTION 

a OVERVOLTAGE PROTECTION FOR EXTER- 
NAL DARLINGTON 

a INTERNAL SUPPLY ZENER 

a REVERSE BATTERY PROTECTION 


DESCRIPTION 


The L497 is an integrated electronic ignition control- 
ler for breakerless ignition systems using Hall effect 
sensors. 


BLOCK DIAGRAM 


RPM 
POWER SUPPLY OuTPut 
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February 1989 


The device drives an NPN external darlington to 
control the coil current providing the required stored 
energy with low dissipation. 


A special feature of the L497 is the programmable 
time for the recovery of the correct dwell ratio ta/T 
when the coil peak current fails to reach 94% of the 
nominal value. In this way only one spark may have 
an energy less than 94% of the nominal one during 
fast acceleration or cold starts. 


SO-16J 


ORDER CODES : L497B (DIP-16) 
L497D1 (SO-16 


DRIVER 
COLLECTOR 
INPUT 

O 


OVERVOLTAGE 
PROTECTION 


SIGNAL 
GND 
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ABSOLUTE MAXIMUM RATINGS 


D.C. Supply current 
Transient Supply Current (t; fall time constant = 100ms) 


D.C. Driver Collector Current 
Pulse ”’ " (t < 3ms) 


Vig Driver Collector Voltage 


D.C. Overvoltage Zener Current 
Pulse ” trai = 300zs, 15 
treo Repetition Time = 3ms 3 

4 


5 
— 55 to 150 
2 


Power Dissipation 
at Taluminia = 90°C for SO-16 
Tamb = 90°C for DIP-16 0.65 


PIN CONNECTION (top view) 


COLLECTOR 
one INPUT 


OVERVOLT. 
SIGNAL GND ahr 


DRIVER 
POWER SUPPLY EMITTER 


OUTPUT 


N.C. CURRENT 
SENSING 


HALL EFFECT 
INPUT 12 BIAS CURRENT 
RPM OUTPUT 

DWELL 


CONTROL 
AUX ZENER 7 


MAX 
RECOVERY TIME 8 § CONDUCTION 
TIME 


THERMAL DATA 


Rth j-amb Thermal Resistance Junction-ambient for DIP-16 Max 
Rthj-alumin (“) | Thermal Resistance Junction-alumina for SO-16J Max 
(") Thermal resistance junction-aluminia with the device soldered on the middle of an aluminia supporting substrate mesuring 
15 x 20 ; 0.65mm thickness 
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PIN FUNCTIONS (refer to fig. 4) 


pone Name fT umetion 
This pin must be connected to ground. 
SIGNAL GND This pin must be connected to ground. 


3 POWER SUPPLY Supply Voltage Input. An internal 7.5V (typ. value) zener limits the 
voltage at this pin. The external resistor Rs limits the current through 
the zener for high supply voltages. 

4 | _Ne___ This pin must be connected to ground or left open. 

HALL-EFFECT INPUT Hall-effect Pickup Signal Input. This input is the dwell control circuit 
output in order to enable the current driving into the coil. The spark 
occurs at the high-to-low transition of the hall-effect pickup signal. 
Furthermore this input signal enables the slow recovery and 
permanent conduction protection circuits. The input signal, supplied by 
the open collector output stage of the Hall effect sensor, has a duty 
cycle typically about 70%. Vs is internally clamped to V3 and ground by 
diodes. 

RPM OUTPUT 
In this situation Rg must limit the zener current, too, and R; limits pin 6 
current if RPM module pad is accidentally connected to Vs. 
AUX. ZENER A 21V (typ) General Purpose Zener. Its current must be limited by an 
external resistor. 
RECOVERY TIME A capacitor connected between this pin and ground sets the slope of 
the dwell time variation as it rises from zero to the correct value. This 
occurs after the detection of Icot < 94% Inom, just before the low 
transition of the hall-effect signal pulse. 
The duration of the slow recovery is given by : 
tsre = 12,9 R7 Csrc (ms) 
where R; is the biasing resistor at pin 12 (in KQ) and Cg,- is the delay 
Capacitor at pin 8 (in uF). 
MAX CONDUCTION TIME | A capacitor connected between this pin and ground determines the 
intervention delay of the permanent conduction protection. After this 
delay time the coil current is slowly reduced to zero. 
Delay Time T>» is given by : 
Tp =16 Cp, Rz (ms) 
where R; is the biasing resistor at pin 12 (1n KQ) and Cp is the delay 
capacitor at pin 9 (in uF). 
DWELL CONTROL TIMER} The capacitor C+ connected between this pin and ground is charged 


when the Hall effect output is High and is discharged at the High to 
-_ DWELL CONTROL 


Low transition of the Hall effect signal. 
BIAS CURRENT 


Open collector output which is at a low level when current flows in the 
ignition coil. For high voltages protection of this output, connection to 
the pin 7 zener is recommended. 


The recommended value is 100nF using a 62KQ resistor at pin 12. 


The average voltage on the capacitor Cw connected between this pin 
and ground depends on the motor speed and the voltage supply. The 
comparison between Vcw and Vcr voltage determines the timing for 

the dwell control. For the optimized operation of the device Cr = Cw ; 
the recommended value is 100nF using a 62kQ resistor at pin 12. 


A resistor connected between this pin and ground sets the internal 
current used to drive the external capacitors of the dwell control 

(pin 10 and 11), permanent conduction protection (pin 9) and slow 
recovery time (pin 8). The recommended value is 62KQ. 
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PIN FUNCTIONS (continued) 


PME | Name Function 


CURRENT SENSING Connection for the Coil Current Limitation. The current is measured on 
the sensing resitor Rg and divided on R;9/R11 resistors. The current 
limitation value is given by : 

Rio + Ri 


| = 0.32 « 
sens Bown 


DRIVER EMITTER Current Driver for the External Darlington. To ensure stability and 
OUTPUT precision Of Tdesat Cc and Rg must be used. Recommended value 
for Rg is 2 KQ in order not to change the open loop gain of the 
system. 
Re may be added to C, to obtain greater flexibility in various 


application situations. 
C. and Re, values ranges are 1 to 100nF and 5 to 30KQ depending on 
the external darlington type. 


OVERVOLTAGE LIMIT The darlington is protected against overvoltage by means of an 
internal zener available at this pin and connected to pin 14. The 
external divider R3/Roe defines the limitation value given by : 

22.5 5 
Vovp =(—— + 5.10°~) Ro + 22.5 
Rg 

DRIVER COLLECTOR The collector current of the internal driver which drives the external 
darlington is supplied through this pin. Then the external resistor Re 
limits the maximum current supplied to the base of the external 
darlington. 
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ELECTRICAL CHARACTERISTICS (Vs = 14.4 V, —-40 © <T, < 125 © unless otherwise specified) 


Symbor [Parameter ‘| Test Gonaitions __| win. | Typ. [ Wax. | Unit 
Tvs | MinOpvotage—C‘idTSC‘“‘;SSC*d sz; 
V3 =4V 4 16 mA 
[Ve [votage Sump —SCC—“‘~sSs*~iSC‘“‘CSSC~C~dCOC*dSCOC*id as 
[Ves | Supply Ciamping Zener Votage ‘| ea =70nA——~S~idt bw 7s | we | 


Input Voltage 
V5 Low Status V 
Input Voltage 
High Status 2.5 V 
| ts__| Input Current Vs = LOW = 510] [280] yA | 


Vi6—-14 Darlington Driver Sat. Current l44 =50mMA 0.5 V 
l44 = 180 mA 0.9 V 


Current Limit. Sensing Voltage Vs =6 to 16V 


tic Cy Charge Current Vs =5.3 to 16V 
Vi1 =0.5V 
T =10 to 33ms 


lt4D Cy Discharge Current Vs = 5.3 to 16V 
Vid =0.5V 

T =10 to 33ms 

lyic/laip Vs =5.3 to 16V 
Vi_ =0.5V 

T =10 to 33ms 
See note 1 


Isrc Percentage of Output Current 
Determining the Slow Recovery Control 
Start (fig. 2), note 2 


Tsre Duration of Altered ty/T Ratio after SRC | Csrc = 1pnF Ss 
Function Start (fig. 2) R7 = 62KQ 
Vz15 External Darlington over Voltage l45 =5mMA 19 22.5 26 V 
Protection Zener Voltage l45 =2MA 18 21.5 25 V 
LL , 
VesatT RPM Output Saturation Voltage lg = 18.5mA 0.5 V 
lg =25mA 0.8 V 


Teiear | RPM Ouipat Leakage Gurent | Vee dS SS*d so 
[ver | Auniiry Zener Votage ——=SSC~d meta SCS~*~‘irtCS Cid | 
[Wie | Reference Votage «das [tc 


Notes: 1. ts/t desaturation ratio is given by : 
td 1 


T 1+ Ihic/li1p 
2. lsense = Icon when the external Darlington Is in the active region 
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L497 


APPLICATION INFORMATION 


Figure 1 : Main Waveforms. 
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DWELL ANGLE CONTROL 


The dwell angle control circuit calculates the con- 
duction time D for the output transistor in relation to 
the speed of rotation, to the supply voltage and to 
the characteristics of the coil. 


On the negative edge of the Hall-effect input signal 
the capacitor Cw begins discharging with a constant 
current l11p. When the set peak value of the coil cur- 
rent is reached, this capacitor charges with a con- 
stant current I11c = 13.3 x l11p, and the coil current 
is kept constant by desaturathing the driven stage 
and the external darlington. 


The capacitor Cr starts charging on the positive 
edge of the Hall-effect input signal with a constant 
current lioc. The dwell angle, and consequently the 
starting point of the coil current conduction, is de- 
cided by the comparison between Vio and V1. 


A positive hysteresis is added to the dwell compara- 
tor to avoid spurious effects and Cr is rapidly dis- 
charged on the negative edge of Hall-effects input 
signal. 


In this way the average voltage on Cw increases if 

the motor speed decreases and viceversa in order 

to maintain constant the ratio tg at any motor speed. 
T 


ta is kept constant (and not D = cost) to control the 
T 

power dissipation and to have sufficient time to 

avoid low energy sparks during acceleration. 


DESATURATION TIMES IN STATIC 
CONDITIONS 


In static conditions, if Ct = Cw as recommended and 
if the values of the application circuit of fig. 4 are 
used, 


td 1 
T 1 4 httc/It4b 


DESATURATION TIMES IN LOW AND HIGH 
FREQUENCY OPERATION 


Due to the upper limit of the voltage range of pin 11, 
if the components of fig. 4 are used, below 10Hz 
(300 RPM for a 4 cylinder engine) the OFF time 
reaches its maximum value (about 50ms) and then 
the circuit gradually loses control of the dwell angle 
because D = T —50ms. 


Over 200Hz (6000 RPM for a 4 cylinder engine) the 
available time for the conduction is less than 3.5ms. 


If the used coil is 6mH, 6A, the OFF time is reduced 
to zero and the circuit loses the dwell angle control. 
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TRANSIENT RESPONSE 


The ignition system must deliver constant energy 
even during the condition of acceleration and de- 
celeration of the motor below 80Hz/s. These condi- 
tions can be simulated by means of, a signal 
gene-rator with a linearly modulated frequency be- 
tween 1Hz and 200Hz (this corresponds to a 
change bet-ween 30 and 6000 RPM for a 4 cylin- 
ders engine). 


CURRENT LIMIT 


The current in the coil is monitored by measuring 
the Isense current flowing in the sensing resistor Rs 
on the emitter of the external darlington. Isense is 
given by: 


sense = coil + li4 


When the voltage drop across Rs reaches the inter- 
nal comparator threshold value the feedback loop is 
activated and Isense kept constant (fig. 1) forcing the 
external darlington in the active region. In this con- 
dition : 
sense = Icoil 

When a precise peak coil currentis required Rs must 
be trimmed or an auxiliary resistor divider (Rio, R11) 
added : 


0.320 R10 
Icpeak (A) = +1) 


RS “\ R11 
SLOW RECOVERY CONTROL (fig. 2) 


If Isense has not reached 94% of the nominal value 
just before the negative edge of the Hall-effect input 
signal, the capacitor Csre and Cw are quickly dis- 
charged. 


These capacitors remain discharged as long as the 
pick-up signal is "low". At the next positive transition 
of the input signal the load current starts immediate- 
ly, producing the maximum achievable Tdesat ; then 
the voltage on Csrc increases linearly until the 
standby value is reached. During this recovery time 
the Csrc voltage is converted into a current which, 
subtrated from the charging current of the dwell ca- 
pacitor, produces a Tdesat Modulation. This means 
that the Tdesat decreases slowly until its value 
reaches, after a time Tsrc, the nominal 7% value. 


The time Tsrc is given by : 

Trsc = 12,9 R7 Csreo (ms) 
where R7 is the biasing resistor at pin 12 (in KQ) and 
Csre the capacitor at pin 8 (in WF). 
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Figure 2 : SRC : Ico Failure and Time Dependence of Active Region. 


14 TSRL 
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2% CORRESPONDENT to MAX 
ACHIEVABLE Ton 


Hy : Input signal Vem : Voltage on capacitor Csrc 
Ic : Coil current Dst : Percentage of imposed desaturation time. 


Figure 3 : Permanent Conduction Protection. 
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PERMANENT CONDUCTION PROTECTION 

(fig. 3) 

The permanent conduction protection circuit moni- 
tors the input period, charging Cp with a constant 
current when the sensor signal is high and discharg- 
ing it when the sensor signal is low. If the input re- 
mains high for a time longer than Tp the voltage 
across Cp reaches an internally fixed value forcing 
the slow decrease of coil current to zero. A slow de- 


OTHER APPLICATION NOTES 


DUMP PROTECTION 


Load dump protection must be implemented by an 
external zener if this function is necessary. In fig. 4 
DZe protects the driver stage, the connection be- 
tween pin 6 and 7 protects the output transistor of 
pin 6. Moreover DZ; protects both the power supply 
input (pin 3) and Hall-effect sensor. 


Resistor Ra is necessary to limit DZ1 current during 
load dump. 


OVERVOLTAGE LIMITATION 


The external darlington collector voltage is sensed 
by the voltage divider Re, R3. The voltage limitation 
increases rising Re or decreasing Rs. 


Due to the active circuit used, an Ro Co Series net- 
work is mandatory for stability during the high vol- 
tage condition. 
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crease is necessary to avoid undesired sparks. 
When the input signal goes low again Cp is swiftly 
discharged and the current control loop operates 
normally. 


The delay time Tp is given by : 

Tp (sec) = 18 Cp R7 
Where R7 is the biasing resistor on pin 12 (in KQ) 
and Cp the delay capacitor at pin 9 (in LF). 


Ro Co values depend on the darlington used in the 
application. 


Moreover the resistor Ri3 is Suggested to limit the 
overvoltage even when supply voltage is discon- 
nected during the high voltage condition. 


REVERSE BATTERY PROTECTION 


Due to the presence of external impedance at pin 6, 
3, 16, 15, L497 is protected against reverse battery 
voltage. 


NEGATIVE SPIKE PROTECTION 


If correct operation is requested also during short 
negative spikes, the diode Ds and capacitor Cs must 
be used. 
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Figure 4 : Application Circuit. 
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ELECTRONIC IGNITION INTERFACE 


» DIRECT DRIVING OF THE EXTERNAL 
POWER DARLINGTON 

» SEPARATE INTERFACE FOR HALL EFFECT 
OR INDUCTIVE SENSOR 

a SEPARATE OPEN COLLECTOR BOOSTER 

a COIL CURRENT PEAK VALUE LIMITER 

a SIGNAL TO uP WHEN 85% AND FULL NOMI- 
NAL COIL CURRENT ARE REACHED 

a CONTINUOUS COIL CURRENT PROTECTION 

» EXTERNAL DARLINGTON OVERVOLTAGE 
PROTECTION 


DESCRIPTION 


The L530 is an integrated circuit designed for use 
with an NPN darlington in microprocessor controller 
ignition systems. 


Primarily it acts as an independent controller for the 
current in the high voltage spark coil. 


Charging of the coil is enabled under control of the 
micro. The device generates a feedback signal for 
the micro when a fixed percentage and the full nomi- 
nal current into the coil are reached. 


BLOCK DIAGRAM 


2 INTERNAL 
REFERENCE 
6 


May 1989 


ROTE 


ORDER CODES : L530 
L530 D1 


If the enable coil current input signal is active for 
more than a programmable time, the coil current is 
switched off slowly to protect the coil and avoid spu- 
rious pulses. 


The L530 also contains a pulse shaper for the posi- 
tion sensor (both hall effect or magnetic) and an 
open collector booster which may be used, for 
example, for the RPM output. 


OVERVOLTAGE e 
PROTECTION 


DARLINGTON 


DRIVER Y 
PERMANENT Jp Sued 
CONDUCTION ene . 


TION 7 7 
8 "7 


Cc 
O 
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ABSOLUTE MAXIMUM RATINGS 


Max. Supply Voltage (pin 16) 


THERMAL DATA 


GROUND 


LOGICAL SUPPLY 
VOLTAGE 


SEPARATE 
BOOSTER INPUT 


IGNITION INPUT 


BOOSTER DRIVER 
OUTPUT 


PICKUP INPUT 
INTERFACE 


PICKUP INPUT 
INTERFACE 


PERMANENT 
CONDUCTION 
TIMER 


DRIVER 
COLLECTOR 
INPUT 


i OVERVOLTAGE 
LIMIT 


DRIVINGEMITTER 
OUTPUT 


CURRENT 
SENSING 


FEEDBACK 
CURRENT 
OUTPUT 


REFERENCE 
VOLTAGE 


| PICKUP INPUT 
INTERFACE 


9 |IPICKUP OUTPUT 


$-7583/2 


Rth j-alumina ( Thermal Resistance Junction-alumina for SO 16 
Rth j-amb Thermal Resistance Junction-ambient for DIP 16 


(*) 


Thermal resistance junction-pins with the middle of an alumina supporting substrate measuring 15x20mm ; 0 65mm thickness and infinite 
heathsink. 
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L530 


ELECTRICAL CHARACTERISTICS (Vz = 14.4V, —40°C < Ty < 125°C unless otherwise specified ; 
referred to the application circuit of fig. 2) 


Test Conditons 


nor Supply Voltage 
(pin 2) 
a Operating Supply Current Vs =5V, Vay au. 
(pin 2) 


me re ee 
“Veer [ Reference Vollage af pin 77 [Tyr == 2098 e235 |v 
Pe = npovenigese nel La 
| Vig | Input High Voltage (pin 3) | eee 
| Vig | InputLow Voltage (pn 4) | | 
ee are 


Input High valage (pin ‘ 


(pin 13) 

ees Darlington Driver Sat. lo = 50mA dl ee 
Voltage (pin 16-14). lo = 180mMA 1.0 
Percentage of Coil Current 75 85 % 
Determining the Feedback ON 
(pin 12). 

Senge [eee Tete [eT 
Voltage (pin 15) 

i I al lll a 
Protection Time ( 

ee Lacdeet ein 
pin 12) ps = SMA 


| nig | Leakage Current(pin12) | Vs=5V_0 tT 


eee, Eee 

(pin 5) 

es a 
(pin 5) lIRPM = 20mA 1.0 V 
Voltage (pins 6, 7, 10) 

eset 
Current 
Fekete da 


| CMR | Common Mode Range nn nc 


VpF Pulse Former Output Low na 6—- Ma 7> oe 
Voltage (pin 9) Vpin 6 = Vpin 10 
Pulse Former Output Leakage | Vpinz7 — Vpine > 10mV 
Current i 6 = Vpin 10 
Voin ee ar = 5V 
| tg | _ Output Current (pin 7 = 580 | = 380 [= 160 | uA 


Leakage Current (pin 5) Vs = = | pA | 


(*) This parameter measurement must be considered if the IC 1s not directly supplied by 5V soe regulator. In — case a — external re- 
sistor must be used to limit pin 2 current. 
(**) See Fig.4. 
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L530 


PIN FUNCTIONS (refer to fig. 2) 


Pp Name | Fnction 
GROUND This pin must be connected to ground. 


| 2 ~-'| ~~ SUPPLY VOLTAGE _| 5V Supply input. 


BOOSTER Input signal to separate booster stage. This drive circuit may be 
INPUT SIGNAL used, for example, for the RPM output signal of the micro. 
IGNITION INPUT SIGNAL | When this pin is kept low the external darlington is switched on and 


the current flows through the coil for all the time the input is low, 
being active the internal current limitation. 


BOOSTER DRIVER Open collector output signal of the separate booster circuit. The 
OUTPUT phase is the same as the input command at pin 3. 


PICKUP INPUT Together with pin 10, these inputs realize a separate interface stage 
INTERFACE for both hall effect or magnetic sensor. Pin 6 is the non-inverting 
input of the internal comparator which sets, the internal flip-flop. Pin 
7 Is connected both to the inverting input of the comparator setting 
the latch and the non-inverting input of the second internal 
comparator which resets the flip-flop. See fig. 4. 


A capacitor C; connected between this pin and ground sets the 
delay of the permanent conduction protection in the coil current. The 
typical delay time value Tpc is given by : 

Tec =17C; Rio 

Where Rij is the biasing resistor at pin 11 (in kQ) and C; is the 
delay capacitor at pin 8 (in LF). 


PERMANENT 
CONDUCT. TIMER 


PICKUP OUTPUT 


PICKUP INPUT 
INTERFACE 


REFERENCE VOLTAGE 


Open collector output from the internal flip-flop of the interface circuit 
for the sensor. This memory is set by the comparator connected to 
pin 6 and 7 and it is reset by the second comparator connected to 
pin 7 and 10. The output is a negative logic. See fig. 4. 


Inverting input of the second comparator which resets the internal 
flip-flop of the sensor interface circuit. See pin 6 and 7 Description. 


A resistor R39 Connected between this pin and ground sets the 
current used for the internal references and to drive the external 
capacitor of the permanent conduction protection. The 

recommended value is 62kQ. 


Open collector output that indicates to micro when the 85% (typ) 
and the full current flows through the coil. As shown in the fig. 3, this 
signal goes high when the fixed percentage is reached and goes low 
when the full programmed coil current is detected. 


11 


FEEDBACK CURRENT 
OUTPUT 


Connection for coil current limitation. The current is measured on the 
sense resistor Rsense and divided on R;/Roe. The current limitation 
value is given by : 


leer _90¢_tt Re_ 


CURRENT SENSING 


sens Ro 


DRIVER EMITTER 
OUTPUT 


Current driver for the external darlington. To ensure stability and 
precision of Tdesat Ca and R3 must be used. Recommended value 
for Rg is 2kQ in order not to change the open loop gain of the 
system. 

Ra may be added to Ca to obtain greater flexibility in various 
application situations. 

C, and Ra values ranges are 1 to 100nf and 5 to 30kQ depending 
on the external darlington type. 


| 
2 
3 
4 
5 
6-7 
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PIN FUNCTIONS (refer to fig. 2) (continued) 


L530 


poe Name umection 


The darlington is protected against overvoltage by means of an 
internal zener available at this pin and connected to pin 14. The 
external divider R4/Rs defines the limitation value given as first 
approximation by : 


OVERVOLTAGE LIMIT 


22.5 
Vovp = a + 7°10-3) Ra + 22.5 


DIRVER COLLECTOR 


The collector current of the internal driver which drives the external 


darlington is supplied through this pin. The maximum current 
supplied through this pin. Then the external resistor Reg limits the 


maximum current supplied to the base of the external darlington. 


CIRCUIT OPERATION 


As shown in the fig.1, the L530 is particularly suit- 
able for use with a microprocessor as an electronic 
ignition interface, driving the current through the coil 
by means of an external darlington. 

The device takes the ignition input signal (pin 4) from 
the microprocessor to drive the darlington, and the 
output active for all the time in which the input is low. 
The ignition input signal (active Low) coming from 
the microprocessor switches on the device output 
stage driving the external darlington. 

The peak value of the primary current flowing into 
the coil is limited to a predetermined level by means 
of a negative feedback circuit including a current 
sensing resistor, a comparator, the driver stage and 
the power switch. 


An output signal, High when the current flowing into 


Figure 1 : Typical System Configuration. 


SIGNAL 


SENSOR CONDITIONING 


AIR PRESSURE 


AIR TEMP 
WATER TEMP 


FUEL-GEAR POS 


VACUUM SENSOR 


O{STRIBUTOR 


the coil has reached 85% of the final value and Low 
when the full nominal current has been reached is 
available at pin 12. This signal is used by the micro- 
processor to control the dwell time. As shown in the 
fig. 3 three cases are possible. 


In the first case the current limitation is reached ; 
then, when the input command goes high (spark 
command) the feedback to microprocessor has al- 
ready gone low. 


In the second case the full current is not reached 
(very high speed/acceleration or very low battery 
voltage). Then the output signal goes low together 
with the spark command. 


In the last case a feedback pulse is not present ; this 
means that the 85% of the programmed current is 
not reached. 


BATTERY 


COLLECTOR I i 


ORIVER 


TO DISTRIBUTOR 


SHAPER 


5/8 
{ “THOMSON ea rr 
S| | are 


15 


L530 


Figure 2 : Application Circuit. 
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(4) THE VALUE OF THESE COMPONENTS DEPENDS 


—O Vpatt 


$-7585/ 


ON THE EMPLOYEO DARLINGTON -THE LIMITS ARE Ra= 5K to 30KN 
Cas 1 tol00nF 


Figure 3 : Typical Operation Waveforms. 


FULL CURRENT 
85" 


FEE OBACK 
OUTPUT 
PIN 12 


CURRENT LIMIT 


The current in the coil is monitored by measuring 
the Isense Current flowing in the sensing resistor 
Rsense on the emitter of the external darlington. lsense 
is given by : 
Isense = Icoil +114 

When the voltage drop across Resense reaches the 
internal comparator threshold value the feedback 
loop is activated and Isense kept constant (fig. 3) forc- 
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ing the external darlington in the active region. In 
this condition : 
Isense = Icoil 


When a precise peak coil current is required Rsense 
must be trimmed or an auxiliary resistor divider (Rj, 
Ro)added : 


Vsense Ri 
lcpeak (A) = 


Rt) 


Rsense 
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PERMANENT CONDUCTION PROTECTION 
(fig.4) 

The permanent conduction protection circuit moni- 
tors the input period, charging C1 with a constant 
current when the sensor signal is Low and discharg- 
ing it when the sensor signal is High. If the input re- 
mains Low for a time longer than Tpc the voltage 
across C1 reaches an internally fixed value forcing 
the slow decrease of coil current to zero. A low de- 
crease is necessary to avoid undesired sparks. 
When the input signal goes High again C1 is swiftly 
discharged and the current control loop operates 
normally. 


The typical delay time value Tpc is given by : 
Tec (ms) = 17 Ci Rio 


Where Rio is the biasing resistor on pin 11 (in 
K ohm) and C; the delay capacitor at pin 8 (in uF). 


Figure4 : Permanent Conduction Protection Tim 
ing. 


OTHER APPLICATION NOTES 


DUMP PROTECTION 


Load dump protection must be implemented by an 
external zener if this function is necessary. In fig. 2 
DZe protects the driver stage. 


OVERVOLTAGE LIMITATION 


The external darlington collector voltage is sensed 
by the voltage divider Ra, Rs. The voltage limitation 
increases rising Ra or decreasing Rs. 


Due to the active circuit used, an Ro Co series net- 
work is mandatory for stability during the high volt- 
age condition. 


L530 


Ro Co values depend on the darlington used in the 
application. 


Moreover the resistor Ri3 is suggested to limit the 
overvoltage even when supply voltage is discon- 
nected during the high voltage condition. 


REVERSE BATTERY PROTECTION 


Due to the presence of external impedance at pin 5, 
16, 15L530 is protected against reverse battery volt- 
age. 


NEGATIVE SPIKE PROTECTION 


If correct operation is requested also during short 
negative spikes, the diode D1 and capacitor C2 must 
be used. 


SENSOR INTERFACE 


The device contains a separate pulse shaper for the 
sensor. As shown in fig. 5, this circuit is made by two 
comparators and flip-flop. 


The internal flip-flop is set by the first comparator 
and reset by the second one. In this way it is possi- 
ble to interface both the Hall effect and the magne- 
tic pick-up sensor. Fig. 6 shows a typical solution 
that implements an input comparator with hystere- 
sis able to detect the zero crossing during the input’s 
negative edge (fig. 7). Asmall positive theshold gua- 
rantees the correct switch-on at low RPM. 


Three pins allow the use of this interface in a wide 
range of configurations and, thanks to internal mem- 
ory, it is possible to obtain a behaviour with hys- 
teresis in order to have a good noise immunity. 


Figure 5 : Interface for Hall Effect or Inductive Sen 
sor. 
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L530 


BOOSTER OUTPUT 

An independent booster output is also included in 
the L530 to permit a separate driving stage from the 
microprocessor (typically employed for RPM output 
signal). 


Figure 6 : Input Comparator with Hysteresis. 


ME9ILSIA-G1 


The open collector output is protected with an inter- 
nal zener diode that allows the connection a unsta- 
bilized voltage by means of a limiting resistor. 


Figure 7 : Zero Crossing Detection. 
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HIGH INJECTION N-CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTORS (IGBT) 


PRELIMINARY DATA 


TYPE 


STHIO7N50 500 V 7A 
STHIO7N50FI 500 V 7A 
e HIGH INPUT IMPEDANCE 


e LOW ON-VOLTAGE 
e HIGH CURRENT CAPABILITY 


APPLICATIONS: 
e AUTOMOTIVE IGNITION 
e DRIVERS FOR SOLENOIDS AND RELAYS 


N - channel High Injection POWER MOS transis- 
tors (IGBT) which features a high impedance in- 
sulated gate input and a low on-resistance 
characteristic of bipolar transistors. This low 


resistance is achieved by conductivity modulation INTERNAL SCHEMATIC 

of the drain. These devices are particularly suited DIAGRAM 

to automative ignition switching. They can also be 

used as drivers for solenoids and relays. G o— 


ABSOLUTE MAXIMUM RATINGS 


Vos Drain-source voltage (Ves = 0) 500 V 
Ves Gate-source voltage +20 V 
Ip(*) Drain current (contin.) at T, =25°C 7 A 
lom Drain current (pulsed) 20 A 
STHIO7N50 STHIO7N50FI 

Prot Total dissipation at T, <25°C 100 35 Ww 

Derating factor 0.8 0.28 W/°C 
T stg Storage temperature —65 to 150 °C 
T Max. operating junction temperature 150 °C 


(°) Pulse width limited by safe operating area 
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STHIO7N50 - STHIO7N50FI 


THERMAL DATA® TO-220 | ISOWATT220 


Rthy - case |hermal resistance junction-case max 1.25 | 3.6 °C/W 


ELECTRICAL CHARACTERISTICS (T,;=25°C unless otherwise specified) 


ecome [am mo 


OFF 
Vip) Dss Drain-source ID= 250 pA Ves= 0 
breakdown voltage 
loss Zero gate voltage Vps= Max Rating 
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T,= 125°C 


less Gate-body leakage Ves= +20 V 
current (Vps=0) 


ON (*) 
Ves (th) Gate threshold Vos = Ves 
voltage 
Vps (on) Drain-source voltage | Vgg= 10 V - 
DYNAMIC 
Os Forward 
transconductance 
Ciss Input capacitance 850 | 950 
ome Output capacitance 90 | 140 
bas Reverse transfer 40 80 
capacitance 


SWITCHING 


RESISTIVE LOAD 
ty(on)  ‘Turn-on delay time 
t, Rise time 


tao) -‘ Turn-off delay time 
t; Fall time 
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STHIO7N50 - STHIO7N50FI 


ELECTRICAL CHARACTERISTICS (Continued) 


aos [ta [mo 


SWITCHING (continued) 


INDUCTIVE LOAD 
Vpp= 12 V 

Vos clamp = 350 V Ip= 7 A 
Ves= 10 V Rg= 100 Q 


L = 10mH T,= 100°C 


USE TEST Vec= 14 V Vos clamp = 400 V A 
L = 7mH 


(*) Pulsed: Pulse duration = 300 us, duty cycle 1,5% 
™ See note on ISOWATT220 or this datasheet 


Turn-off delay time 
Fall time 


ta (off 


Safe operating areas Thermal impedence Derating curve 
(standard package) (standard ee (standard package) 
Prop lW) GC-0549 
Mists cece foie Sai al 
fetta eI eal se 
fedhe Na Se Me Teale Ss) 
Ras NaS 
Piss Nase eee 
eee Neeser ee 
ie Fa 
LN | 
ses eee Se 
a a 
RRR ee 


a 7.011) es 
|_| 


HA 


Ds 


1) va : v ul 60 


reertitth ara antl 
anh si A 
(7 
ECE Ea 
LK $= =0, tin 


~__| Tie 


—— ts 
ot 
aw. 
a ewe! 
o 


-2 0 
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Output characteristics Transconductance Static drain-souce on 
voltage 
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od 


(V) 


sober 

ie Hen Al eee fe fc Hessl al ee ele tl PTTL ihe 

oy gM S eae seal i a 
je ee | | | Yseev 1 | 

= See CCEA ee 

: Tiree | ese | 
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STHIO7N50 - STHIO7N50FI 


Gate charge vs gate-source 
voltage 


GC-0717 


OC ae 
BERR Re TRS 
BERR Ree 
= teste) | 

tf TT vos=to0v [Th 
Pel Tee AS 
Uta diel te ee led 
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Functional test waveforms 
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Switching times test circuit for resistive load 


SC-0345 


Pulse width < 100 ps 
Duty cycle < 2% 


Clamped inductive load and RBSOA test circuit 
Voo 


in 
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Gate charge test circuit 


PW adjusted to obtain required Vg 
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Switching time waveforms for resistive load 
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ISOWATT220 PACKAGE 
CHARACTERISTICS AND APPLICATION. 


ISOWATT220 is fully isolated to 2000V dc. Its ther- 
mal impedance, given in the data sheet, is optimi- 
sed to give efficient thermal conduction together 
with excellent electrical isolation. 

The structure of the case ensures optimum distan- 
ces between the pins and heatsink. The 
ISOWATT220 package eliminates the need for ex- 
ternal isolation so reducing fixing hardware. Accu- 
rate moulding techniques used in manufacture 
assure consistent heat spreader-to-heatsink capa- 
citance. 

ISOWATT220 thermal performance is better than 
that of the standard part, mounted with a 0.1mm 
mica washer. The thermally conductive plastic has 
a higher breakdown rating and is less fragile than 
mica or plastic sheets. Power derating for 
ISOWATT220 packages is determined by: 
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THERMAL IMPEDANCE OF 
ISOWATT220 PACKAGE 


Fig. 1 illustrates the elements contributing to the 
thermal resistance of transistor heatsink assembly, 
using ISOWATT220 package. 

The total thermal resistance Fi (tor) iS the sum of 
each of these elements. 

The transient thermal impedance, Z,, for different 
pulse durations can be estimated as follows: 


1 - for a short duration power pulse less than 1ms; 
Zin< Rinu-c 

2 - for an intermediate power pulse of 5ms to 50ms: 
Zih= Rins.c 


3 - for long power pulses of the order of 500ms or 
greater: 


Zin= Rins-c + Rincons + Rthrs-amb 


It is often possibile to discern these areas on tran- 
sient thermal impedance curves. 


Fig. 1 
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FULLY INTEGRATED HIGH VOLTAGE DARLINGTON 
FOR ELECTRONIC IGNITION 


ADVANCE DATA 


=» PRIMARY COIL VOLTAGE UP TO 450 V 

» COIL CURRENT LIMIT INTERNALLY SET 

a |TTL/CMOS COMPATIBLE INPUT 

a BUILT-IN COLLECTOR-EMITTER VOLTAGE 
CLAMPING 

a» OVERVOLTAGE PROTECTION OF THE DRIV- 
ING CIRCUIT 

» FULLY INSULATED FIVE LEAD POWER 
PACKAGE 


DESCRIPTION 


The VB020 is a monolithic high voltage integrated 
circuit made using SGS-THOMSON Microelectro- 
nics Vertical Intelligent Power Technology, which 
combines a vertical current flow power darlington 
with a TTL/CMOS compatible input driving circuit. 


Built-in protection circuits for coil current limiting and 
collector voltage clamping allows the VB020 to be 
used as a smart, high voltage, high current interface 
in advanced electronic ignition systems. 


ISOWATT 5 


SCHEMATIC DIAGRAM 


VOLTAGE 
REFERENCE 


SC-0261/72 


June 1989 1/5 


This is advanced information on a new product in development or undergoing evaluation Details are subject to change without notice 


VB020 


ABSOLUTE MAXIMUM RATINGS 


Lig | Collector Current (internally limited) 


lc 
| to | Contro! Circuit Supply Current 
Operating Junction Temperature Range 
= 55 to 150 


THERMAL DATA 


CONNECTION DIAGRAM 


PC-0295 


PIN FUNCTION 


Function 


Emitter and Control Ground 
Driver Stage Supply Voltage 


High Voltage Open Collector Output 
Control! Circuit Supply Voltage 
Logical Input 
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VB020 


ELECTRICAL CHARACTERISTICS : Vg = Voc = 12 V; Tamb = 29 C3 Vin = 0.4 V3 Ro = 0.5 Q ; 
Rs = 300 2 ; Rp = 50 Q ; unless otherwise specified see fig 1 


Symbol Test Conditions te. | ype | wae Unit 
| Ver | High Voltage Clamp Functional Test See Figs 3, 4 


VcE(sat) Saturation Voltage of the Ic =5A, Ip =40 mA 
Power Stage Vin =5 V pulsed 
ton — 300 HS, eer = 1 Hz 
Vp Base Driver Stage Supply 45 18 V 
Voltage 
lp(stdby ) | Base Driver Stage Standby Vy = 0.4 V { anit 
Current pane 
Vp(sw on) | Base Driver Stage Current at) \, av 500 ay 
Switch-on a 
Vs Control Circuit Supply 56 V 
Voltage 
Current 
Coil Current Limit at Functional Test See Figs 3, 4 
Switch-on 


eae a 
— ee 


ts Storage Time lo =let ; Vet = 350 V 
Vin = 12 V, See Figs 1, 2 
tr Fall Time lc =Iet ; Vet = 350 V { é 
Vin = 12 V, See Figs 1, 2 B 
Esi¢ Second Breakdown Energy lo =Iet } Voc = 12V 300 Bos 
Clamped 


Figure 1 : Test Circuit. Figure 2 : Resistive Switching Waveform. 
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VB020 


Figure 3 : Application Circuit. 


SC-0366 


Coil data - primary resistance Rc = 0.4 -05 ohm 
primary inductance Lc = 6 - 8 mH 


Figure 4 : Input Voltage and Output Current Waveform. 
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PACKAGE MECHANICAL DATA 


PC-0288/2 


The VB020 is a high voltage, power integrated cir- 
cuit (P.I.C.) with a TTL/CMOS compatible input. The 
device intended for use as an interface between 
microprocessor and ignition coil in electronic ignition 
systems. 


The input, Vin, of the VB020 is fed with a TTL/CMOS 
signal generated by an external controller or proces- 
sor that determines both dwell time and ignition 
point. When vin is high (> 2.4V) the VB020 power 
output transistor conducts and a current controlled 
by the IC logic flows in the ignition coil. The current 
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5.08 Typ. 


is held by the IC logic flows in the ignition coil. The 
current is held constant at a level set internally by 
the P.I.C. until the ignition point, when Vin is driven 
low. During the turn—off of the transistor, the prima- 
ry voltage is clamped at an internally set value, Vcl, 
typically 415V, in case accidental secondary open 
circuit conditions occur. 


The transition from saturation to desaturation coil 
current limiting phase implies a maximum overshoot 
of 0.85 times the supply voltage without requiring an 
external RC network for frequency compensation. 
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MULTIFUNCTION INJECTION INTERFACE 


a DRIVES ONE OR TWO EXTERNAL DARLING- 
TONS 

a DUAL AND SINGLE LEVEL CURRENT CON- 
TROL 

a SWITCHMODE CURRENT REGULATION 

a ADJUSTABLE HIGH LEVEL CURRENT DURA- 
TION 

a» WIDE SUPPLY RANGE (4.75 - 46V) 

a TTL-COMPATIBLE LOGIC INPUTS 

a THERMAL PROTECTION 

a DUMP PROTECTION 


DESCRIPTION 


The L584 is designed to drive injector solenoids in 
electronic fuel injection systems and generally in- 
ductive loads for automotive applications. The de- 
vice is controlled by two logic inputs and features 
switchmode regulation of the load current driving an 
external darlington and an auxiliary one for the cur- 
rent recirculation. A key feature of the L584 is flexi- 
bility. It can be used with a variety of darlingtons to 
match the requirements of the load and it allows 
both simple and two level current control. Moreover, 


BLOCK DIAGRAM 


SHUT- 
DUM 
PROTECTION 


PRELIMINARY DATA 


the drive waveshape can be adjusted by external 
components. Other features of the device include 
dump protection, thermal shutdown, a supply vol- 
tage range of 4.75 - 46V and TTL-compatible inputs. 
The L584 is supplied in a 16 lead Powerdip pack- 
age which uses the four center pins to conduct heat 
to the PC board copper. 


DIP-16 
(12 +2 +42) 


ORDER CODE : L584 
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PIN CONNECTION 


DUMP | 1 
PROTECTION 


HOLDING 
CURRENT 
CONTROL 


SENSING 
GND 
GNO 


PEAK 
CURRENT 
TIMER 


INTERNAL 
CLAMPING 


NPN 
OUTPUT 


SUPPLY 
VOLTAGE 


GND 


GNO 


INH’ BIT 


TIME 
CONSTANT INPUT 
g {| REFERENCE 


PNP 
OUTPUT VOLTAGE 


ABSOLUTE MAXIMUM RATINGS 


ae 


DC Supply Voltage (pin 1 open) — 0.2V min ; + 50V MAX 
Positive Transient Voltage 
(pin 1 connected to Vs, Tt; fall time constant = 100ms) 
(5ms < trse < ae ar > 0.50) 


_¥s_| input Vonage (pine 40,9} ____|}_-o2v minis 77 Max__ 

External ae es (pin 2) 
a 
| |r | Reference Current (ping) SMA MAX 


THERMAL DATA 


+ 60V MAX 


Rth j-pins| Thermal Resistance Junction-pins 
Rth j-amb | Thermal Resistance Junction-ambient 


* Obtained with the GND pins soldered to printed circuit with minimized copper area. 
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L584 


PIN FUNCTIONS 


Dump Protection With pin 1 connected to pin 14 the device is protected against dump 
voltage < 60V. The protection operates at V, = 32V (typ.). If this protection 


is not used the pin must be left open. 


2 Holding Current Control The voltage Vset applied to this pin sets the holding current level. 


Sensing Connection for load current sense resistor. Value sets the peak and 
holding current levels. lp = 0.45/Rs (typ.) ; Ih = Vset/Rs. 
(see block diagram and fig. 4). 
ia Ground Connection. With pins 5, 12 and 13 conducts heat to pc board 
Bonne 


“s[emnd i=in SCSC—SSC‘C~C~;73CSPCt*d 


Peak Current Timer A capacitor connected between this pin and ground sets the duration of 
the high level current (te in fig. 4). 

If left open, the switchmode control of the peak is suppressed. If grounded, 
the current does not fall to the holding level. 


7 Discharge Time Constant | A capacitor connected between this pin and ground sets the duration of 
tort (fig. 4). If grounded, the current switchmode control is suppressed. 
he a8 | PNP Driving Output Current sink for external PNP darlington (for recirculation). lgp =35 I; (typ.). 
Reference Voltage A resistor connected between this pin and ground sets the internal current 
reference, I,. The recommended value is 1.2kQ, giving |, = 1mA (typ.). 
ee TTL-compatible Input. A high level on this pin activates the output, driving 
the load. 


ce Inhibit TTL-compatible Inhibit Input. A high level on this input disables the output 


stages and logic circuitry, irrespective of the state of pin 10. 


Current Source for External NPN Darlington (load driver). lan = 100 I; (typ. 
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ELECTRICAL CHARACTERISTICS (V, (pin 14) = 14.4 V;-40 <T, < 105 © ; Rrey = 1.20 kQ unless 
otherwise noted ; refer to fig. 1) 


Symbol] Parameter |_—Test Conditions| min. | Typ. | Max. | Unit | 


V 


| Pint Open sdf as || aa | 
[Va_| Dump Protection Threshold —~(f Pint=v,—Sss=~—=*d=]SSC*d;(C | 
[Ra | Dump Protection Input Resistance | PinttoGno._—+|_te_|__'| | xa 
7 


Low 
Vi Input Threshold Voltages Pin 10 & 11 a a V 
-— 100 


Low 
Pin 10 & 11 
High 
TV, [Reference Volage Tin SSC~C || | 


Reference Resistor Range Pin 9 to GND 1 3.3 kQ 
l; = V,/Ry 
Peak Duration Control Current Pin 6 |,/ 9.50 1, / 6.00 A 
Voin 6 < 1.8V 
Veth Peak Duration Contro! Comparator 1.20 1.60 V 
Threshold 
Vesat | Pin 6 Saturation Voltage Pin 6 200 mV 
(discharge state) 
ly Off Duration Control Current Pin 7 (I; min)/ 9.50 | (lr max)/6.00 A 
Voin 7 < 1.8V 
Vth Off Duration Control Comparator Pin 7 1.20 1.60 V 
Threshold 
Vzsat | Pin 7 Saturation Voltage Pin 7 200 mV 
(discharge state) 
500 mV 


500 [mv 
a) 


Holding Current Set Voltage Range 


Vset Holding Current Threshold Voltage Pin 3, Peak Value, Vset — 
dV/dt < 1V/; 0.01 


Pin 3 Bias Current Vping = 500mV 
Pin 2 Bias Current Vpin 2 = 200mV 


Vel Recirculation Zener Clamping Voltage | Pin 16 to Pin 15 @ 13.5 
200A into Pin 16 


NPN Driver Source Current 140 x |; 
PNP Driver Sink Current Vping 2 4.75V 
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APPLICATION INFORMATION 


Controlled by a logic input and an inhibit input (both 
TTL compatible), the device drives the external dar- 
lington(s) to produce a load current waveform as 
shown in figure 4. This basic waveform shows that 
the device produces an initial high level current in 
order to ensure a fast opening, followed by a hold- 
ing level current as long as the input is active. Both 
the peak and holding current are regulated by the 
L584’s switchmode circuitry. 


L584 


The duration of the high level current and the values 
of the peak and the holding currents can be adjusted 
by external components. 


Moreover, by omitting C1, C2 or both it is possible 
to realize single-level current control, a transitory 
peak followed by a regulated holding current or a 
simple peak (figure 1). 


The peak and holding current values are always 


Figure 1: Components Connected to Pins 6 and 7 Determine the Load Current Waveshape. 


COMPONENTS ON PINS 6 AND 7 
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L584 


referred, in the following formula, to le, emitter cur- 
rent of the external darlington Q2, 


l—E = ILoap + lan 


because the sensing detection is on the darlington 
emitter (not directly on the load). 


The peak current level Ip, is set by the sensing re- 
sistor, Rs, and is found from : 


lp = 0.45 / Rs (typ) 


The peak value of holding current level, Ih, is set by 
a voltage (Vset) applied to pin 2, giving : 


lhp = Vsetth /Rs= (Vset ey OmV)/Rs 


Figure 2: 


The peak to hold current ratio is fixed by Vset : 
lp / Ihp =0.45/ Vsetth 


Vset is fixed by an external reference and a voltage 
divider (Vext, R1, R2 in fig 2) : 
Vset = Vext * R2/(R1 + R2) 


Due to the particular darlington storage time and the 
device reaction time not very significant differences 
can be found between lp and Ih values based on the 
previous formula and the real values seen in the ap- 
plications. 


If the holding current function is not used, pin 2 can- 
not be left floating and it must be connected to GND. 


Application Circuit Showing the Optional Components. In particular it illustrates how the holding 


current level is adjusted independently of the peak current (with R1, R2, Vext) and how the inter- 
nal zener clamp is connected. This circuit produces the waveforms shown in Fig. 4. 


lo (A) | ai | a2 | 
BDX54 BDX53 
| 8 | BDW94 BDW93 


BDV6e4 BDV65 


Figure 3 : P.C. Board and Components Layout of the Circuit of Fig. 2 (1 
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The drive current for the two darlingtons and the 
waveform time constants are all defined in turn by a 
resistor between pin 9 and ground. 


The recommended value for Ir is 1mA which is ob- 
tained with a 1.2KQ resistor. The darlington drive 
currents are given by : 

PNP : ldp = 35 Ir typ. NPN: ldn = 100 Ir typ. 


The duration of the high current level (te in fig 4) is 
set by a capacitor connected between pin 6 and 


L584 


ground. This capacitor, C1 is related to the duration, 
to, by: 


ty = C, Veth — Vésat 


Ci 
= 12 —— (typ.) 
le lref 
The discharge time constant (toft in fig 4) is set by a 
capacitor C2 between pin 7 and ground and is found 
from : 


Vath — V G 
beeCiee oe me etl 
I7 lret 


Figure 4 : Waveforms of the Typical Application Circuit of Fig. 2. 
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L584 


Figure 5 : When pin 6 is grounded, as shown here, the injector current is regulated at a single level. 


ar. 
i 


LOAD 


CURRENT INHIBITO 


S- 6835/1 


Figure 6 : In this application circuit, pin 6 is left open to give a single peak followed by a regulated holding 
current. 
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Figure 7 : Switchmode control of the current can be suppressed entirely by leaving pin 6 open and 
grounding pin 7. the peak current is still controlled. 
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Figure 8 : Applications circuit using only one darlington with a single level of the injector current. 
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To have a very short off time when the L584 input 
goes LOW, an internal zener is available on pin 16. 
This zener is used with an external divider, R8, R9, 
as shown in figure 2. Suitable values can be found 
from: 


Vpin 16 = 15V + VBEq2 + VRsense 


R9 + R8 
Vege SM 16 * Ba 


(Vcaqz is the voltage at the collector of Q2. Vcqz max 
is 47V if the pin 8 is used for slow recirculation as in 
fig. 2). 

To ensure stability, a small capacitor (about 200pF) 


must be connected between the base and collector 
of Q2 when pin 16 is used. 


A different opportunity for a fast off time is based on 
the use of the external zener diode Dz. In this case 
also the maximum Dz voltage value is 47V. 


LOAD DUMP PROTECTION 


To protect the device against the positive load dump 
it is necessary to connect pin 1 to Vs. In this case, 
if Vs is higher than 32V, the device turns off Qe and 
turns on Q;. The external resistor Re must be used 
(see application circuit) to avoid that pin 8 voltage 
exceeds 50V during load dump. Re must be : 


V -V 
Re a DUMP 8 
ldp 


where Vpump is the dump voltage value and Vg : 
4.75V <Vg<4/7V. 


For this Re value, the minimum supply voltage Vsmin 
guaranteeing Q1 operation is given by : 


10/11 


Ip VBEQ1 
Vsmin = R6 ea (+ 2) Rs ) + Vesat 
In relation to Vsmin it is no more verified ldp = 35 Irer 
(typ) even if the system correct operation is comple- 
tely guaranteed. 


The L584 application circuit suggested in these 
notes allows the use of inductive loads with the lo- 
west possible series resistance (compatible with 
constructional requirements) and therefore reduces 
notably the power dissipation. 


For example, an electronic injector driven from 
14.4V which draws 2.4A has a series resistance of 
6Q and dissipates 34.56W. Using this circuit a injec- 
tor with a 1Q series resistance can be used and the 
power dissipation is : 
Pu = Ril? + VpIL (1 — 6) + Vsat - IL o + Res IL? o 
where Rt = resistance of injector = 10 

Vp =drop across diode, Vp = 1V 

Vsat = Saturation voltage of Q2,=1V 

Rs =R11 = 185mQ 

o =duty cycle = 20% 

therefore : 
Pd =5.76 + 1.92 + 0.48 + 0.21 = 8.37W 


This given two advantages : the size (and cost) of 
the injector is reduced and the drive current is redu- 
ced from 2.4A to about 0.4A. 


The application circuit of figure 9 is very similar to fi- 
gure 2 except that it shows the use of two supplies : 
one for the control circuit, one for the power stage. 
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Figure 9 : Application Circuit Showing How Two Separate Supplies Can Be Used. 


In this application it is assumed that the 5V supply 
for L584 is taken from a logic supply, which is al- 
ready protected, against load dump transients and 
vol-tage reversal. 


Pin 1 must be left open, as shown in fig. 9, if Vs is 
always lower than 46V even during the voltage tran- 
sients. 


Note that tot is also related to the required current 
ripple Al on the peak or on the holding current level 
by : 
(lo — Al) Ri + Vott 

lo Rt + Vott 


Where : lo is the initial current value in OFF condi- 
tion (equal to Ip or IH in accordance to the current 
level considered), 


lott = —L In 


Vorr = Voiope + VcEai 


Ri is the series resistance value of the induct- 
ance L: 


Therefore C2 can be dimensioned directly by : 


S- 6836/2 


IREFL = =oIn (lo —Al) Rt + Vorr 
12 Rt lo RL + Vorr 
Note that to# is the same for both the peak and hold- 
ing current. 
ton time is given by : 
L Von — R(I1 — Al) 

fon = R In “Venont 

where : 11 is the final current value in ON condition 


(equal to Ip or IH in accordance to the current level 
considered), 


Co = 


R = Ri + Rsense 
Von = Vs — VcesatQ2 
If the constant times are respectively 


L L 
> 20 toff and FR 20 ton 


R 
it is possible to consider a purely inductive load and 
therefore : 

Al 


toff = L Von 


Al 
Vo ; ton =L 
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INJECTOR DRIVER 


s INTERNAL CURRENT SENSING 

» PRECISION OUTPUT CURRENT LEVELS 
2.4A/0.6A (L9335) AND 4A/1A (L9336) 

» LOW OUTPUT SATURATION VOLTAGE 2.5V 
AT lo= 1.5A (L9335) AND 3V AT lo = 3A (L9336) 

» MICROPROCESSOR COMPATIBLE INPUT 

» DISABLE INPUT APPLICABLE FOR SWIT- 
CHING OFF DURING LOAD DUMP 

a INTERNAL COMPENSATION 

n INTERNAL SUPPLY STABILIZING ZENER 
DIODE 


PENTAWATT 
DESCRIPTION 
The L9335 and L9336 are monolithic integrated 
constant current sink drivers with internal current ORDER CODES : L9335 


sensing and precision stable output current. The Beco 


output current waveformfor inductive load with 
switching to the holding current level after the peak 
current level has been reached is fitted for driving 
fuel injectors. 


PIN CONNECTION 


> Aca ae SUPPLY VOLTAGE 
4[( > «~OUTPUT 

3 _ GROUND 

2{[. > SCDISABLE 


1 ; INPUT 


MEILIZIS-B2 
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INPUT 


MP 
INTERFACE 


DISABLE 
20 OISABLE REFERENCE 
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L9335-L9336 


ABSOLUTE MAXIMUM RATINGS 


Symbol] Parameter | ate | Unit 
mA 


Pulse Supply Current (dump transient :5 ms < trise < 10 ms, 150 
t+ fall time constant = 100 ms) 


Junction and Storage Temperature Range — 55 to 150 


PIN DESCRIPTION 


[we [Name [| SSSS™~*~*~S nti 
A high voltage level at this pin activates the output sink stage. 


2 Disable Voltage at this pin higher than the disable threshold disables the output 
stage and resets the reference to the lop value 


Ground Common Ground Terminal 
Output Open collector output of the current sink darlington transistor. 


5 Supply Internal zener diode between pin 5 and 3 stabilizes the supply voltage for 
the signal processing circuitry. 
THERMAL DATA 


Thermal Resistance Junction Case 


ELECTRICAL CHARACTERISTICS (V, = 14.4 V;—40 © <T, < 125 © unless otherwise specified) 


Symbol Test Conditions | Min. | Typ. | Max. | Unit_ 
Output Peak Current (L9335) 7 . 7 1.74 2.30 2.8 
Output Hold Current (L9335) _ . = 0.51 0.6 0.69 
V Output Saturation Voltage (L9335) 1.0 2.5 V 
ie (L9336) 3.0 


0 1.5 ; 
[vu [inputtow vonage iP SC*dESC‘“‘iRSC*‘“'“ OWS 
[vie [input High vonage ————SSC=dSCC=‘“‘C;SCS*S*S*S*~*~sS CP Td 
1, [inpurcunen ——SSS—id wv SCSS*dCS*dSCat 
[Ver | Disable input ThreshVatage | SSC~S~S tO | tw | tg | 
[Van [Disable inputtiyster. SP SCSC~—~—SSCid si 
[tos | Disable input Bias cone | SSSCSC~—~SC~—‘i | 
[Vac | Supply Stabiizng Zener [ig=20mA Sid =| vs] 8 | 
[to [ouiescent Gurent __———itve=ssv——S<iT Sides (| 10 | mn 
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L9335-L9336 


CIRCUIT OPERATION 


L9335/6 are inductive load actuators particularly 
suited as automotive electronic fuel injectors, relays 
and solenoids drivers. The devices provide two driv- 
ing output current levels : the peak and the holding 
current . During the switch on phase the output re- 
mains in saturation until the preset peak current, 
able to guaranteed the actuation (i.e. injectors open- 
ing), is reached : at this moment the internal ref- 
erence is switched to the holding current value and 
the holding current is stabilized. In this way the in- 
jectors are held open and the load power dissipa- 
tion is reduced. 


The logical input, TTL compatible, in High status ac- 
tivates the output current sink stage. 


Figure 1 : Application and Test Circuit. 


M@SLIFZIS-A3 


In the circuit in Fig. 1 the input voltage into the dis- 
able pinis: 


Vo=Vs 


If overvoltage at VS causes the V2 to overcome the 
disable threshold, the output stage is switched off. 
After the supply voltage drops below the dump thre- 
shold (set with the R1, R2 ratio) the switch on phase 
takes place again if the input is still high. 


The switch off phase is characterized by the in- 
crease of the output voltage to the external clamp- 
ing zener value as the output current when 
overvoltages occurs. 


Figure 2 : Typical Waveforms. 


SWITCH ON 
PHASE 


SUITCH OFF 


OVERVOLTAGE 


MBILIFI5-B4 
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L9222 


QUAD INVERTING TRANSISTOR SWITCH 


a OUTPUT VOLTAGE TO 50V 

a OUTPUT CURRENT TO 1.2A 

a» VERY LOW SATURATION VOLTAGE 
a TTL COMPATIBLE INPUTS 

a INTEGRAL SUPPRESSION DIODE 


DESCRIPTION 


The L9222 monolithic quad transistor switch is des- 
igned for high current, high voltage switching appli- 
cations. 


Each of the four switches is controlled by a logic in- 
put and all four are controlled by a common enable 
input. All inputs are TTL-compatible for direct 
connection to logic circuits. Each switch consists of 
an open-collector transistor plus a clamp diode for 
applications with inductive loads. 


BLOCK DIAGRAM 


May 1989 


Powerdip (12+2+2) 
ORDER CODE: L9222 


The emitters of the four switches are connected to- 
gether to GND. The switches of the same device may 
be paralled. The device is intended to drive coils such 
as relays, solenoids, unipolar stepper motors, LED 
etc. 
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L9222 


ABSOLUTE MAXIMUM RATINGS 


[Symbol] ——SSCS~*~S~é arama SSCSCS*~rSCS*~<CS~S~ id 


PIN CONNECTIONS (top view) 


TRUTH TABLE 
[pt | Powerout 


H 
H : ee 
L X OFF 


For each input : H= High level 
L= Low level 
X = Don’t care 


THERMAL DATA 


Rthj-amb | Thermal Resistance Junction-ambient Max 
Rth-J-case] Thermal Resistance Junction-case Max 


ky SGS-THOMSON 
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L9222 


ELECTRICAL CHARACTERISTICS 
(Voc = SVde + 5% Ven = 5V —40 $ Tj < 125°C unless otherwise specified) 


Symbol Test Conditions 


VceE(sus) | Output Sustaining Voltage Vin = 2V Ven =2V 46 V 
lout = 100mA 
IceEx Output Leakage Current Vce =50V 1 mA 
Vin = OV, VEN = 0.8V 


Vce(sat) | Collector Emitter Saturation Vin 2 0.8V lout =0.1A 0.3 V 
0.5 
| = 0.3A 
OUT 08 
lout = 0.6A 
— 40 + 105°C 


input Low Votage oe I eee 

Tin [ input Low Curent —~idiWweoav SSC~i Pd 

[Vn | input High Votage «dP =SSSCSC~<“—~SsS~—~‘i 2 dP 

Tine | input high Curent | Vweaov—SS—~s ts | 
| 50 m 


V 
S Logic Supply Current All Outputs ON A 
lout = 06A 


Clamp Diode Leakage Current | VR = 50V 100 LA 
Diode Reverse Voltage 


Vr | Clamp Diode Forward Voltage [Ie=06A | | | ts 
le=t2a TT 2 


lout Output Current Vin = 0.4V, Vs = 13V 1.2 A 
‘+ R=10Q 
Tput | Propagation Delay Time T, = 25°C 20 US 
(high to low transition) IL =600mA 
Tput | Propagation Delay Time IL =600mA 20 us 
(low to high transition) T, = 25°C 
Low Enable Current Ven = 0.4V ea ae ee 


TVews [High Enable votage | SCSCS*~=~—~—~S ao | 
Tew [High Enable Vottage ‘([VevsaovSSC~i ts | 
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L9305 
L9305C 


DUAL HIGH CURRENT RELAY DRIVER 


a HIGH OUTPUT CURRENT 

a INPUT COMPARATOR WITH WIDE RANGE 
COMMON MODE OPERATION AND GROUND 
COMPATIBLE INPUTS 

us INPUT COMPARATOR HYSTERESIS 

a SHORT CIRCUIT PROTECTION OF OUTPUT 
TO 16V (for L9305) AND 12V (for L9305C) 

» INTERNAL THERMAL PROTECTION WITH 
HYSTERESIS 

a INTERNAL OUTPUT OVERVOLTAGE CLAMP- 
ING 

a SINGLE SUPPLY VOLTAGE (3.5V up to 18V) 


DESCRIPTION 


The L9305 and L9305C are a monolithic interface 
circuit with differential input comparator and open 
collector output able to sink high current specifically 
to drive relays, lamps, d.c. motors. 


Particular care has been taken to protect the device 


BLOCK DIAGRAM 


REFERENCE 
VOLTAGE AND 
THERMAL 


POWERDIP 
(8 + 8) 


ORDER CODE : L9305 
L9305C 


against destructive failures - short circuit of outputs 
to Vs, output overvoltages, supply overvoltage. 


A built in thermal shut-down switches off the device 
when the IC’s internal dissipation becomes too high 
and the chip temperature exceeds the security thre- 
shold. 


The input comparator hysteresis increases the in- 
terface’s noise immunity, allowing the correct use in 
critical environments as automotive applications. 


CURRENT 
LIMITED 


= 


PROTECTION 
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L9305-L9305C 


ABSOLUTE MAXIMUM RATINGS 


wie 


PVs )20 

| V7 __| Driver Supply Voltage 

So Supply Zener Clamp Current (DC) 
mA 


(PULSED) (**) 


Comparator input Votage Range | noztoas |v 
Wore put Vago ee 
[iz Tag | ancion and Storage Tenperaive |= ego J 
| Vsc_| Max. Output Voltage in Short Circuit (L9305) | up tot | 
| Prot_| Power Dissipation at Tame =85°° | 8B | mW 
| le | Output Current tt timite 


(*) The maximum allowed supply voltage without series resistors 1s limited by the built-in zener protection diodes. 
(**) Ton $ 2.5 ms ; repetition time = 30 ms. 


PIN CONNECTION (top view) 


NON INVERTING 
INPUT 1 


INVERTING 
INPUT 1 


INVERTING 
INPUT 2 


NON IVERTING 
INPUT 2 
GROUND 


OUTPUT 2 


ORIVER SUPPLY 
(COMMON) 


OUTPUT 1 


THERMAL DATA 


Rthy-pins | Thermal Resistance Junction-pins 
Rthy-amb | Thermal Resistance Junction-ambient 
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L9305-L9305C 


ELECTRICAL CHARACTERISTICS 
(Vs = 14.4V, Tamp = 25°C ; refer to block diagram unless otherwise specified) 


Symbol | __Parameter___| _Test Conditions _|_in. | 7 
a 
Ig "stby" sor cren ———[We=ve sin ertans_ [eI Tm 


Output Clamping Voltage | lout = 1A 
(for each channel) 


a Supply Voltage Clamp Iz5 = 10mMA 


Comparator Hysteresis Vi -—Vy =200mVpp 
cco ae = 1kHz 


Input Common Mode V5 =3.5V to 18V V5 —- att — 
Range 

Output Short Circuit Vr — Vit > 70mV for L9305 
Current for Each Channel for L9305C 


lcp Driver Transistor Current | Vi —V;* = 70mV DC a ia 300 
Capability Pulsed ( 


On Status Saturation V; - Vir = 70mV 

Voltage Icp = 100mMA 
lcout = 1.2A for L9305 
lcout =1A for L9305C 


lot Output Leakage Current Vi -V; 2 70mV for L9305 
for L9305C 


* The maximum allowed supply voltage without limiting resistors is limited by the built-in protection zener diodes see Vcz, Vzs Spec. velues. 
™ Ton $2.5 ms ; repetition time 2 30 ms. 


TEST AND APPLICATION CIRCUIT 


THERMAL 


PROTECTION 
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L9305-L9305C 


APPLICATION INFORMATIONS (refer to application circuit) 


D1 and D2 diodes are required only for reverse po- 
larity protection. 


If Vs is higher than Vzs a resistor Rs is necessary to 
limit the zener current Izs. In order to determine Rs 
value the following equations can be used : 


Vsmax — Vo1 — Vzsmin 
1) ep < IZs MAX 


2) Vs min— Vo1 — Rs x Ison Max Vs min 


where from Tamb = 25°C : 

~ Vs max and Vs min are the maximum and mini- 
mum values of power supply voltage 

. Vp1 is the forward diode D1 voltage drop 

- VZS min = 20V 

. lzsmax=30mA for d.c. mode and Izs max = 80MA 
for pulsed mode (see Absolute maximum ratings) 


MOUNTING INSTRUCTION 


The L9305 and L9305C are assembled in the 
Powerdip package, in which 8 pins (from 9 to 16) 
are attached to the frame and remove the heat dissi- 
pated by the chip. 


Figure 2 and 3 show two different heatsinking possi- 


Figure 2 : Example of Heatsink Using PC Board 
Copper (I = 65 mm). 


COPPER AREA 35u THICKNESS 


4/4 


- lsommax = 30mA 
os Vs min = 3.5V 


If no Rs value can satisfy the system 1), 2) a more 
powerful external zener Dzi = 18V is required. 


Then 1) becomes : 
Vs max — Voi — 18 a4 
eo - DZ MAX 


where Ipz max is the maximum allowed Dz; current. 
Va voltage cannot be higher than 20V otherwise 
output overvoltage protection may be activated. 
Morever Va must be less than 16V (for L9305) or 
12V (for L9305C) if short circuit protection is re- 
quired. 

Dz2 = 22 to 24V is a mandatory for output 7 pro- 
tection if Vs is higher than 26V. 


bilities. In the first case, a PC board copper area is 
used as a heatsink (| = 65mm), while, in the second 
case, the device is soldered to an external heatsink. 
In both examples, the thermal resistance junction- 
ambient is 35°C/W. 


Figure 3 : Example of an External Heatsink. 
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L9307/9 


DUAL HIGH CURRENT LOW SIDE DRIVER 


PRELIMINARY DATA 


a HIGH OUTPUT CURRENT 

a INPUT COMPARATOR WITH WIDE RANGE 
COMMON MODE OPERATION AND GROUND 
COMPATIBLE INPUTS 

a INPUT COMPARATOR HYSTERESIS 

» SHORT CIRCUIT PROTECTION WITH SOA 
PROTECTION OF OUTPUT 

» INTERNAL THERMAL PROTECTION WITH 
HYSTERESIS 

a SINGLE SUPPLY VOLTAGE (3.5V to 28V) 


DESCRIPTION 


The L9307/9 is a monolithic integrated circuit with 
differential input comparator and open collector out- 
put able to sink high current specially to drive relays, 
lamps, d.c. motors. 


Particular care has been taken to protect the device 
against destructive failures, i.c. short circuit of out- 
puts to Vs, SOA protection, supply overvoltage. 


BLOCK DIAGRAM 


MULTIWATT-11 


ORDER CODES :L9307 (Multiwatt-1 1) 
L9309 (SIP-10) 


A built in thermal shut-down switches off the device 
when the IC’s internal dissipation becomes too high 
and the chip temperature exceeds security thre- 
shold. 


The input comparator hysteresis increases the in- 
terface’s noise immunity allowing the correct use in 
critical environments as automotive applications. 


REFERENCE 
VOLTAGE AND 
THERMAL 
SHUTDOWN 
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L9307/9 


ABSOLUTE MAXIMUM RATINGS 


Smet [vane 


aa Zener Diode Pulsed : Ton < 2.5ms ;d < 8% eee ET ea 
ee a ee 
[Ty Tstg | Junction and Storage TemperatureRange | 85t0 150 | 
Power Dissipation at Tamb =85°C for MULTIWATT-11 
Power Dissipation at Tamp = 85°C for SIP-10 


(*) TON 2 5ms ; repetition time <80ms 
(“*) The maximum allowed supply voltage without limiting resistor is limited by the built-in protection zener diode : see Vzs spec. values 
If Vs is higher than Vzs a resistor Rs is necessary to limit the zener current Izs 


PIN CONNECTIONS (top view) 


> 
® 


BPNUWARUAHNDWW GS TE 


en DW arauan DOD W 


NBBLISE7-B2 
MEBLIFZEOI-B2 


N.C. OUTPUT 1 

OUTPUT 1 COMMON DRIVER OUTPUT 
COMMON DRIVER OUTPUT OUTPUT 2 

OUTPUT 2 N.C. 

SUPPLY VOLTAGE SUUPLY VOLTAGE 

GND GND 

NON INVERTING INPUT 2 NON INVERTING = INPUT 2 
INVERTING INPUT 2 INVERTING INPUT 2 
INVERTING INPUT 1 INVERTING INPUT 1 

NON INVERTING INPUT 1 NON INVERTING INPUT 1 

N.C. 


THERMAL DATA 


a a SIP-10 


Rthj-amb | Thermal Resistance Junction-ambient Max — 
Rthj-case| Thermal Resistance Junction-case °C/W 


SGS- 
ky7 S&S:THOMSON 


Figure 1 : Typical Applications. 
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Note : a) Rs required only to limit Izs whenever Vs exceeds Vzs voltage value. 
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L9307/9 


ELECTRICAL CHARACTERISTICS (V, = 14.4V ; Tamp = — 40°C to 85°C; Rs = 100Q refer to block 
diagram unless otherwise specified) 


Test Conditions 
Hysteresis of the Input Vin =200mVpp ; 20 
Comparator f = 1kHz 
Input Bias Current he 


los__| Input Offset Current a) 
CMR Input Common Mode Range | V, =6 to 18V | oo |) Msp - 1.6] VO 


Output Short Circuit Channel| V;> — V\~ > 70mV 

(typ SOA curve, see fig.2) Vout 1,2 = 16V 
Tamb = 25 to 85°C 
Tamb =— 40 to 25°C 
Vout 1,2 =6V 


Driver Transistor Curr. Vi -—V\* > 70mV 
Capability Vs =6—- 16V 
DC Conditions 
Pulsed : Ton =2.5ms ;d < 8% 


Output Current for Each (see fig.2) 

Channel Vout 1,2<2V; 
VV, -— V\* > 70mV 
lg =100mA 


On Status Saturation Voltage] Vi - V\* > 70mV 
lg = 100mA 
lout 1,2 =1.2A 


Output Leakage Curr 


Supply voltage (pin 7) E- 4 
I "st.by" Supply Current Vi7 Viv > 70mV ae ae 
Supply Current Vit 


Vzs Voltage Clamp Supply Izs = 10mA 
Protection 


Figure 2 : SOA Protection. 


TT 
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Oe a a Al a 
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a DARLINGTON OUTPUT STAGE 

a INPUT COMPARATOR WITH WIDE RANGE 
COMMON MODE OPERATION AND GROUND 
COMPATIBLE INPUTS 

a INPUT COMPARATOR HYSTERESIS 

a SHORT CIRCUIT PROTECTION OF OUTPUT 
WITH SOA PROTECTION 

a INTERNAL THERMAL PROTECTION WITH 
HYSTERESIS 

a SINGLE SUPPLY VOLTAGE FROM 3.5V UP TO 
28V 


DESCRIPTION 


The L9308 is a monolithic interface circuit with dif- 
ferential input comparator and open collector output 
able to sink current specifically to drive lamps, re- 
lays, d.c. motors, electro valves etc. 


Particular care has been taken to protect the device 
against destructive failures - short circuit of outputs 
to Vs, SOA protection, supply overvoltage. 


BLOCK DIAGRAM 


IN1 
THERMAL 
SHUTDOWN 
WITH HYST. 
IN2 


May 1989 


a 
DTA. 


CURRENT 
LIMITED bal 


L9308 


DUAL LOW SIDE DRIVER 


ADVANCE DATA 


MINIDIP 


ORDER CODE : L9308 


A built in thermal shut-down switches off the device 
when the IC’s internal dissipation becomes too high 
and the chip temperature exceeds the security thre- 
shold. 


The input comparator hysteresis increases the in- 
terface’s noise immunity allowing the correct use in 
critical environments as automotive applications. 
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L9308 


PIN CONNECTION (Top view) 


1) -IN2_ Inverting input2 

2) +IN2 Non-inverting input2 
3) OUT2 Output2 

4) GND Ground 


5) OUT1 Output1 

6) Vst Supply 

7) +IN1 Non-inverting input1 
8) -IN1_— Inverting input1 


N8BL 9388-85 


ABSOLUTE MAXIMUM RATINGS 


Symbol| Parameter | atte |_nit_ 
Current Into Supply Tamb = a Cc, DC 
Clamp Zener Diode Pulsed ( 80 mA 
[Vs [Supply Votage SOSC—<—SsSsSsSCSCSCSCiSC“‘CSC*dC 
ee ——____ 


Junction and Storage Temperature — 55 to + 150 za 
[Pior_| Power Dissipation at Tan = 85°C ee ee 


(") TON < 2.5ms ; repetition ttme > 30ms. 
(**) The maximum allowed supply voltage without limiting resistor is limited by the built-in protection zener diode : see Vzs spec. 
values. If Vs is higher than Vzs a resistor Rs is necessary to limit the zener current Izs 


THERMAL DATA 


Thermal Resistance Junction-ambient Max 100 
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L9308 


ELECTRICAL CHARACTERISTICS (Vz = 14.4V ;— 40°C < Tamb, $ 85°C; Rg = 100 unless 


otherwise noted) 


On Status Saturation Voltage 


lo Output Leakage Current 


Vzs Voltage Clamp Supply 
Protection 


Minimum Output Current 
with the Outputs connected 
Together 


tr Rise Time (see fig. 2) 
ti Fall Time 
tdon Delay Time On 
tdoft Delay Time Off 


Symbol Test Conditions 


Vin Hysteresis of the Input 
Comparater 


Input Offset Current 


CMR Input Common Mode Range } Vs; = 6 — 18V 
Tamb = 25°C 
Isc 


Output Short Circuit Current 
for Each Channel 
(see fig. ?) 


Caine 
Lie 

net ie Cavand ———_[vr«vsca_| | os [3 
Ee 


o1 


— ick, —_ 
— | NP = 
Ni [ockn me) wu 


Supply voltage (pin 6) 
Supply Current Vi7-Vr > 70mV 


Izs =10mA 
VcsaT = 1.5V 400 


ieee = 25°C 


lout = 50mA 10 us 
Tamb = 25°C 10 


Vin = 200mVpp ; 
f = 1kHz 


m 


+ 400 nA 
Vs V 


Vin = Vin > 70mV 

Vs = 16V 

Tamb = 25°C to 85°C 
Tamb =— 40°C to 25°C 
Vout 1,2 =6V 


Tamb =— 40°C to 25°C 
V; -—V\* > 70mV 
loutT1,2 =300mA 
Tamb = 25°C to 85°C 


V; - Vi > 70mV 
Vs = 18V 


—-—/!- OO a4 
wl] oo | 
—_k 
rep) 


300 


ye) 
oO 
ine) 


i 
> 


lout = 50mMA 
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L9308 


Figure 1 : Switching Time Test Circuit. Figure 2 : Switching Time Waveforms for Resis- 
tive Loads. 


t 
Ne6L9308-94 oo OFF 


THERMAL te CURRENT as 
SHUTDOWN LIMITED i 
WITH HYST. 
Dra, 
CURRENT 
LIMITED seal 


NBELI3SEE -B2 


Notes: a) Rs required only to limit Izs Whenever Vs exceeds Vzs voltage value 
b) C1, C2 cut high frequency gain during current limiting. 
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Figure 4 : Typical SOA Characteristic. 


ISC (mA) 


16686 
386 
BOB 
7BB 
5BS 
5688 
4BB 
368 
2686 
168 
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» FOUR POWER OUTPUTS - UP TO 200 mA 
EACH ONE - FOR RELAIS DRIVING PRO- 
VIDED WITH INTERNAL RECIRCULATION 

a» TWO PROGRAMMING INPUTS FOR 
WINDOWS OPERATING MODE SELECTION 

» ONLY TWO WIRES CONNECTING EACH 
KEYBOARD TO THE DEVICE 

» WINDOW STATUS DETECTION BASED ON 
THE MOTOR CURRENT RIPPLE 

a IGNITION KEY AND DOOR STATUS SENSING 

mu CLOCK FREQUENCY DEFINED BY AN 
EXTERNAL CAPACITOR 

» ESD PROTECTION 


DESCRIPTION 


The L9324 is a monolithic low side driver - realized 
with ST Multipower-BCD mixed technology - spe- 
cially suited as window lift in automotive environ- 
ment. The device drives four window motor control 
relais and it allows two possible window operating 


PIN CONNECTION (top view) 


IGNITION KEY INPUT 
PROGRAMMING INPUT P1 
PROGRAMMING INPUT P2 

DOOR INPUT 

SUPPLY VOLTAGE 
KEYBOARD SUPPLY OUTPUT 
AUXILIARY OUTPUT 


SIGNAL GROUND 


KEYBOARD INPUT INTERFACE 


KEYBOARD INPUT INTERFACE 


L9324 


WINDOW LIFT CONTROLLER 


ADVANCE DATA 


modes : the automatic (one touch) and the normal 
mode. 

The window status (steady state, travel end) is 
checked by means of the ripple absence on the 
motor current. 

The application circuit is able to withstand the load 
dump up to 80 V. 


The device is assembled in 20 Lead Plastic DIP. 


20 Lead Plastic Dip 


ORDER CODE : L9324 


SUPPLY VOLTAGE SENSE 
CLOCK OSCILLATOR 

RELAY DRIVER OUTPUT 

RELAY DRIVER OUTPUT 

POWER GROUND 

RELAY DRIVER OUTPUT 

RELAY DRIVER OUTPUT 
RIPPLE INPUT 

RIPPLE COMPARATORS GROUND 
RIPPLE INPUT 
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L9324 


BLOCK DIAGRAM 


INTERFACE 
CONTROL 


i 
a 


KEYBOARD 


+ 


INTERFACE 


LEFT RELAIS C) 
= aa E 
TH RIPPLE J 
DETECTOR C) 
CLOCK 


RIGHT iP ae 

15 
OSCILLATOR ALIN DRIVER O) 
g 


N8EL9I324-A1 


ABSOLUTE MAXIMUM RATINGS 


V5 D.C. Supply Voltage 25 V 
D.C. Reverse Supply Voltage — 0.7 V 
l44, 15, Max. Relais Driver Output Currents 


17,18 (in dump condition : Vpump = 80V 5mS < trse < 10ms) 
Junction and Storage Temperature Range — 55 to 150 


t Fall Time Constant = 100ms Rsource 2 0.50 
THERMAL DATA 


Thermal Resistance Junction-ambient a ee ee 
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ELECTRICAL CHARACTERISTICS (Vpart = 14V, — 40°C < Tamp < 85°C, unless otherwise specified) 


Operating Supply Voltage Pl 16 
qs 


> 


3 
> 


S 
< 


ip?) 
oO 


3 
> 


Nh 
NJ 


N 
oO 


| Quiescent Current 
(OFF condition) 
lasON Quiescent Current 30 
ON condition) 
rae ie 
Vi4.15. Relais Driver Output Saturation | 114. 15.17.18 =200MmA 
17,18 Voltage 
Vez Internal Voltage Clamp at the 26 
Outputs (pin 14, 15, 17, 18) 
Auxiliary Output Source Current 
Keyboard Reference Voltage 0 < Ig < 100mA V 
Keyboard Input Comparator 
Threshold for 


( 

Vovth (pin 20) Overvoltage Protection 
Threshold (power output stage) 

V Ripple Detection 

Threshold a 

Keyboard Reference Output 120 mA 
Current 
Pin 9 and Pin 10 S, 


S4 
Comparator Input Resistances 


a) 
beri taal 
Voltage 
| Vin | Ignition KeyThreshold Voltage | 
[Viv | Door Input Threshold Votlage | | 
: 
Ptr | Keyboard FiterDelayTime | 

| trae | Door and Key Filter Delay Time] | eT | AT 


tdabs Delay Time between the Ripple 
Absence and the Motor Stop 

tras Ripple Filter Delay Time at 32T 48T ms 
Motor Start-up 


| twp | Startup DelayTime | to | 827 | ms 


=| 
n 


alle] <e SS EE 
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L9324 


FUNCTIONAL DESCRIPTION 


PIN FUNCTIONS 


- Ignition key input. This pin must be connected, 
through a resistor, to the ignition key ; in this way, at 
ignition key turn on (high level at pin 1), the full oper- 
ating mode of the device is enabled. The a.m. resis- 
tor, together an internal zener, provides to protect 


no effect when P1 is low. 


pes fea [petting ode 


The device is programmed to work in a rear module. The automatic mode is disabled for both the 
windows. The high to low transition of a signal applied to pin 4 changes, in this operating mode, the 
status of the auxiliary output ; the device is enabled only at ignition key turn-on. The input P2 has 


The device is programmed to work in a front module. The automatic mode is enabled for both the 
windows if the ign. key is on ; if the key is in off condition, the device works in traditional mode if 
one of the front doors is open, or it is disabled if both the front doors are closed. 


this input in load dump condition ; recommended 


value for this resistor is 47 K. 


2 and 3 - Programming inputs Pi and P2. These 
two pins allow to programme the device operation 
mode, according to the following truthtable : 


Note : a logic level 0 in the above table means the pin connected to ground ; a logic level 1 means the pin open ; X = don’t care. 


4 - Door input. This input senses the doors status 
(open or close) when the device is programmed to 
work in a front module. This pin must be connected, 
via an external resistor, to the door switch normally 
present on all the cars for the inside lamp. A low vol- 
tage level on this input means that the door is open 
(inside lamp on), an high voltage level means that 
the door is closed (inside lamp off). In the rear mo- 
dule this pin is connected to a push button which 
allows to enable and disable the module. The exter- 
nal resistor, together an internal zener, provides to 
protect the input against overvoltages ; recom- 
mended value for the external resistoris 4.7 Kohms. 


5 - Supply voltage. This pin must be connected to 
the battery through a voltage limiter not to damage 
the device in load dump conditions (see the appli- 
cation circuit). 


6 - Keyboard supply output. The voltage on this 
pin is about 4 V and the output current capability is 
100 mA. An internal divider connected to this same 
voltage source generates the 4 thresholds for the 
keyboards interface input. This pin is connected to 
the two keyboards through two resistors (recom- 
mended value 220 ohms). 

7 - Auxiliary output. This output, by an external 
transistor, drives the relay necessary to enable the 
rear keyboard when the device works in a rear mo- 
dule. The output current capability of this output is 
20 mA. 

8 - Signal ground. 


9 and 10 - Keyboards input interfaces. This two 
pins are respectively connected to the left and to the 
right keyboard ; pushing one of the 4 pushbuttons 
of each keyboard a voltage is established on this 
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pins. The device "understands", by this voltage 
level, which pushbutton has been pressed and ex- 
ecute the command. This concept allows to have 
many functions with a limited number of wires be- 
tween the module and the keyboards. The voltage 
levels of the keyboards are then function of the 
pressed pushbutton as follow : 


se APACOM Al UD ai essenedscecnddosaateavsecee 3/4 * Vpine 
es GALOMAUGC UP ictecscassavenias cisegueveasts 1/2 * Voine 
. traditional COWN......... eee 1/4 * Vpine 
~ automatic GOWN........... cece ) 


The recommended values of the keyboards resistor 
necessary to have the a.m. values are respectively 
470, 150 and 68 ohms (see schematic diagram). 
11 and 13 - Ripple inputs. These inputs sense re- 
spectively the ripple of the right and the left motor 
through 2 decoupling capacitors connected to the 
sense resistors. 

12 - Ripple comparators ground. This pin must be 
connected directly to the sense resistor ground, so 
to avoid bad operations of the ripple comparators. 
14, 15, 17 and 18 - Relay driver outputs. These 
outputs control the relais to drive the window motors 
in the correct way. The 4 power devices are also 
switched on during the relais current recirculation 
and in overvoltage condition to protect themselves. 
In this way the device can withstand overvoltages 
up to 80 V (t= 300 msec), because the current flow- 
ing in the output power devices is limited by the re- 
lais resistance. 


16 - Power ground. This pin is internally connected 
to the common power ground of the relay driver out- 
puts. 


19 - Clock oscillator. A capacitor connected bet- 
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ween this pin and ground set the clock frequency 
necessary for the correct operation of the internal 
logic. Recommended value for this capacitor is 
2.2 nF. 


20 - Supply voltage sense. This pin, connected by 
an external resistor to the battery supply voltage, 
allows the device to sense overvoltages ; in this con- 
dition, as said above, all the relay drivers are 
switched on to protect themselves. 


APPLICATION INFORMATION 

The L9324 can perform two possible window ope- 
rating modes : the normal and the automatic mode. 
In the normal operating mode the window goes up 
or down until the keyboard push-button is pushed 
and the window is not stopped by obstacles. In the 


Figure 1 : Operating Modes. 


L9324 


automatic mode, even after releasing the keyboard 
push-button, the window continues its movement 
that is interrupted if another push-button is pushed 
or by an obstacle. The window status (steady state, 
travel end) is detected by the absence of the ripple 
on the motor current. The delay time between the 
ripple absence and the motor switch off is about 50 
ms. During the starting phase the motor is driven up 
to 250 ms even if the ripple is not present. 


The complete window lift system using L9324 is 
based on two modules, one for the front windows 
and the other for the rear ones. 


The possible operating modes, set by the pro- 
gramming inputs Pi and Pe, are shown in the follow- 
ing diagram. 


Pi1=sP2=1 
PROGRAMMED FUNCTION: 
FRONT MODULE 


LEFT & RIGHT WINDOW: 
AUTOMATIC & NORMAL 
MODE 


STANDBY CONDITION LEFT & RIGHT WINDOU: 
(DISABLED SYSTEM) ONLY NORMAL MODE 


PROGRAMMED FUNCTION: 
FRONT MODULE 
OF <> ON 
RIGHT Gin00d> LEFT 
AUTOMATIC & 
[ONLY Nonna noDe | ee 
CLOSE OPEN 
DOOR 


STANDBY CONDITION 
(DISABLED SYSTEM) 


LEFT & RIGHT WINDOU: 
ONLY NORMAL NODE 
N8EL 9924 -B3 
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Figure 2 : Operating Modes. 


STANDBY CONDITION 
(DISABLED SYSTEM) 


LEFT & RIGHT WINDOU: 
ONLY NORMAL NODE 


N8EELIIZ4-G4 


Figure 3 : Application Circuit. 
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Figure 4 : Complete Window Lift System. 
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WINDOW 
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a LOW SATURATION VOLTAGE 

a TTL COMPATIBLE INPUT 

a WIDE SUPPLY VOLTAGE 

a NO EXTERNAL COMPONENTS 

» INTERNAL RECIRCULATION PATH FOR 
FAST DECAY OF INDUCTIVE LOAD CUR- 
RENT 

a SHORT CIRCUIT PROTECTION 

a FAILSAFE OPERATION : OUTPUT IS OFF IF 
THE LOGIC INPUT IS LEFT OPEN 


DESCRIPTION 


The L9350 is a monolithic integrated circuit desi- 
gned to drive grounded resistive, inductive or mixed 
loads from the power supply positive side. Very low 
standby current (100/A typ.) and internally imple- 
mented protections against load dump and reverse 
voltages make the device very useful in automotive 
applications. No external components are required 
because the output recirculation clamping zener is 
included in the chip. This zener can withstand a re- 
circulation peak current of 550mA on a 80mH/25 
load. 


The device is self-protected against overtempera- 
ture, overvoltage and overcurrent conditions. The 


BLOCK DIAGRAM 


BLOCKS 
AND 
REFERENCE 


SUBSTRATEO 


THERMAL 
PROTECTION 
COMPARATOR 
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DUMP 


PROTECTION 


L9350 


HIGH SIDE DRIVER 


ADVANCE DATA 


Pentawatt 
ORDER CODE: L9350 


L9350 operates over the full battery voltage range, 
from 4.5V (cold cranking) up to 24V (jump starting). 
The L9350 withstands revers battery conditions 
(- 13V) and supply voltage transients up to 100V li- 
miting the maximum output transistor Vec to 70V by 
an internal zener. ON and OFF delay times of 25/s 
max in any output status, including recirculating si- 
tuation, allow PWM use of L9350. 


SUPPLY 
O 


CURRENT 
LI MI T 


DRIVING AND : 
ANTISATURATION|_ cS 


CIRCUIT 
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L9350 


PIN CONNECTIONS (top view) 


sc __—_> _INPUT 
.—_______> GND 
3 > SUBSTRATE 


2 ____—_> outPut 
iL ti—“—tsSCCCCS:~SC SUPPLY VOLT. 


Note : Pin 3 must be left open or connected to ground. 


ABSOLUTE MAXIMUM RATINGS 


D.C. Supply Voltage 
D.C. Reverse Supply Voltage 

Load Dump : 5ms < tise < 10ms 

t Fall Time Constant = 100ms, Resource 2 0.5Q 


Low Energy Spikes : Regource 2 10Q, trse = ILS, 
tf = 2ms, fr Repetition Frequency = 0.2Hz 


[io | Output Curent try imines 


THERMAL DATA 


Rthj-amb; Thermal Resistance Junction-ambient Max 
Rinj-case| Thermal Resistance Junction-case Max 
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ELECTRICAL CHARACTERISTICS 
(Vs = 14.4V, — 40°C < Tj < + 125°C unless otherwise specified). 


[Symbol] Parameter ——~—~S*d;CSCSCSest Gonations’ [in | Typ. | Max | Unit 
ee ee 
[nt vote gt pao 


ple am Leakage Current Vo =0V Ve = 24V 
~ < 0.8V 


ge 286mA Ves i4av [| os [oa |v 
ow s50mA Ven taav | | or | it |v 
Tee | Outpt Shon Crest owrent i SSCSC~=“~*‘—s*~sC SS tw | 
a eco l c 


Vz0 Negative Output Zener Voltage Rv = 25Q L= 80mH — 30 — 24 
on V, Transition from "1" to "0" 
| Ton | Turn ON Delay Resistive LoadRi=250, | | | 20 | ns 
Turn OFF Delay T, = 26°C (fig.2) a a Se ee 


Turn On Delay While Output is Ri = 25Q L = 80mH aww 


Clamped Any Time During Internal 
Clamping (fig.3) 


Figure 1 : Typical Automotive Application Circuit. 


V+ (5-24V) 
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c 
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ea oy aoe. 2k 
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Figure 2 : Resistive Load. 


$-3250 


Figure 3 : Inductive Load. 
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6A SWITCHMODE HIGH SIDE DRIVER 


ADVANCE DATA 


a HIGH SIDE ACTUATION FOR GROUNDED 
LOADS 

a PWM LOAD CURRENT REGULATION FOR 
LOW POWER DISSIPATION 

» TWOLEVEL CURRENT CONTROL FOR FAST 
LOAD CURRENT RISE 

a SUPPLY COMPENSATED PEAK CURRENT 
DURATION 

a» INTERNAL RECIRCULATION ZENER FOR 

FAST LOAD CURRENT DECAY 

INTERNAL CURRENT SENSE CIRCUIT 

a DUMP, SHORT CIRCUIT AND THERMAL PRO- 
TECTION 

a DIAGNOSTIC OUTPUT 


DESCRIPTION 


The L9355 is a monolithic power integrated circuit 
designed to drive inductive grounded loads in the 
automotive environment. All control, power, protec- 
tion and diagnostic circuits are provided on chip. 


BLOCK DIAGRAM 
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Pentawatt 


ORDER CODE : L9355 
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PIN CONNECTION (top view) 


ot ana SUPPLY INPUT 
Abn = = OUTPUT 
5) eS GROUND 


2{ C—O > CONTROL INPUT 
1 (ee DIAG OUT 


MBELIISIS-A2A 


Note : Tab is connected to GND. 


ABSOLUTE MAXIMUM RATINGS 


arin oa 
+ 60 V 


Transient Voltage (load dump : 5ms § trse < 10ms 

t+ Fall Time Constant < 100ms, Resource 2 0.592) 
| to | Output Current | Internally Limited | 
Ed 


THERMAL DATA 


Thermal Resistance Junction to Case Max 
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ELECTRICAL CHARACTERISTICS 
(refer to application circuit and waveform diagram @ Vs = 14.4V and — 40°C < Tj < + 125°C unless 
otherwise specified). 


Overvoltage Shutdown Treshold 


Minimum Holding Current 


Maximum Peak Current 


FUNCTIONAL DESCRIPTION 


This integrated solenoid driver provides in PWM two 
driving output current levels, the peak and the hold- 
ing current : the internal peak/hold switch mode 
regulation (see block diagram) sets IPmax' IPmin and 
IHmax’ lHmin values. 


The device is enabled by the control input voltage 
(see fig. 2). If this TTL compatible input is High, the 
SWC circuit is turned on, the output current in- 
creases and the peak duration timer is activated. 
When the outrut current reaches Ipmax value, SWC 
is turned off and the internal slow recirculation cir- 
cuit SWR is switched on causing the current de- 
crease to Ipmin : the output recirculation voltage is 
max. 3V below the ground voltage. 


Quiescent Current Vin > Vin 
Vin < Vin, lo =O 


tem | Minimum Peak Current [+i aamn_“tl A 


tp Peak Current Duration see fig.3 15V < Vs < 24V 
Vs = 10V 14.5 
fsh Short Circuit Prot. Intervention 
Frequency 


mak 
| los | Open Load Current Detection | Vin Vn | 40 | Bein 
Output Saturation Voltage Vs — Vo @ Ip = 5A 


Vex Output Slow Delay Turn-off Vo @ |, = 5A; Slow 
Voltage Recirculation Mode 
Votd Output Fast Decay Turn-off Vs < 24V — 28 -— 22 V 
Voltage 
ne ee ee 


Output Leakage Current Vs S$ 24V 


> 
< 
> 
xe) 
c 
- 
a8 
< 
vO 
[meal 
© 
om 3 
© 
n 
7) 


| 
[Input Current | Input HighorLow | ~40 | | +10 | WA 


Diagnostic Output HIGH Leakage | V,; < 5.5V Eo ee 
Curr. 


L9355 


2.9°lHmin| ——[8.1*lHimin| A 
9.5 


12.5 ms 
19.5 ms 


anni 
re ee eee 
i a 


ee ee ee 


V 


When the recirculating current has decayed to IPmin’ 
SWC turns on again until the charging current 
reaches the maximum value and the process is re- 
peated for a tp time set by the peak duration timer. 
tp Vs. Vs variation is shown in fig. 3. Exceeded tp dur- 
ation, the peak current decays to IHmin value and the 
switchmode operation between IHmin and IHmax, in- 
ternally regulated, is repeated until the control input 
level is High. If the control input goes Low, SWC and 
SWR are turned off while the fast recirculation cir- 
cuit SWD is activated : in this way the inductive load 
stored energy is quickly discharged and the output 
fast decay voltage is max. 28V below ground volt- 
age. 
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L9355 


The L9355 features thermal, overvoltage and out- 4) Ground short circuit to output : both hard 

put short circuit protection. The diagnostic feedback (Rshort = OQ) and soft (Rshort = 15 to 35Q) short 
is able to send to an external processor the follow- circuit. 

ing fault information : 5) Battery short circuit to output : both hard 

1) Thermal overload (Rshort = 0Q) and soft (Rshor = 15 to 35Q) short 
2) Overvoltage condition circult, 


3) Open load condition 


Figure 1 : Test and Application Circuit. 
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Figure 2 : Output Waveform. 
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Figure 3 : Peak Duration Time vs. Supply Voltage. 
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HIGH SIDE DRIVER 


ADVANCE DATA 


a 25A PEAK OUTPUT CURRENT 
Ron = 100mQ 

a DIAGNOSTIC AND PROTECTION 
FUNCTIONS 

INRUSH CURRENT LIMITER 

uP COMPATIBLE 

a GROUNDED CASE 


DESCRIPTION 


The L9801 High Side Driver realized with ST Multi- 
power - BCD mixed technology, drives resistive or PENTAWATT 
inductive loads with one side connected to ground. 


The input control is TTL compatible and a diagnos- 
tic output provides an indication of load (open and 
short) and device status (thermal and overvoltage 
shutdown). On chip thermal protection and short cir- ORDER CODE: L9801A 
cuit protection are provided. 


Inrush current limiting makes the L9801 particularly 
suited for driving lamps. , 


The device is assembled in the Pentawatt package 
with the tab connected to the ground terminal. 


BLOCK DIAGRAM 


VOLTAGE 
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L9801 


PIN CONNECTION (top view) 


_— OUT 
. DIAGNOSTIC 
FEEDBACK 
—— GND 
2{(-______> INPUT 
) ees 


S-9896 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


Max Forward Voltage 
Positive Transient Peak Voltage (dump : 7; fall time 
constant = 100 ms, 5 MS § trse < 10 mS, Resource = 0.5 Q) 
— Resistive Load 

— Inductive Load 


|—__ Reverse Input Voltage — 0.3 Vdc 


Input Voltage Pin 2 (to GND) -0.3V/+Vs5 (Vs < 20 V) 


Pin 4 Voltage (to GND) —-0.3V/+Vs5 (Vs < 20 V) 
Pin 5 Voltage (to GND) —-3V/+Vs5 (Vs < 20 V) 


Pin 1 Current Internally Limited 
Pin 2 Current (forced) 0.5 mA 
Pin 4 Current (sink) 10 mA 
Pin 5 Current Internally Limited 


a Power Dissipation Internally Limited 
Ty, Tste| Junction and Storage Temperature Range — 55 °C to + 150 °C 


* 


due to the negative voltage at the output during the switching off. 


THERMAL DATA 


Thermal Resistance Junction-case Max 
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PIN FUNCTIONS 


1. POWER SUPPLY 


Supply voltage input. When the supply reaches the 
maximum operating voltage (16 V) the device is 
turned off, protecting itself and the load. 


2. INPUT 


TTL compatible input. High level on this pin means 
output current ON. The low level voltage switches 
off the charge pump, the power stage and the diag- 
nostic output reducing to the minimum value the 
quiescent current. 


3. GROUND 
This pin must be connected to ground. 


L9801 


4. DIAGNOSTIC FEEDBACK. 


The diagnostic circuit is active in input high level con- 
dition. This output detects with 25 msec delay the 
following faults : 
- Overvoltage condition. 
. Thermal shutdown. 
. Short circuit. The power stage current is inter- 
nally limited at 25 A. 
. Open load. The open load condition is de- 
tected with load current < 1.1 A. 


The diagnostic output is active low. The diagnostic 
delay time allows to avoid spurious diagnosys (i.e : 
turn ON overcurrent, overvoltage spikes etc.). 

5. POWER OUTPUT. 

The device is provided with short circuit protection. 


ELECTRICAL CHARACTERISTICS : (V, = 14.4 V;—40 © <T, < 125 © unless otherwise specified) 


Symbol 
Operat. Voltage 


ea eee On State Supply Current 


Short Circuit Curr. 
Input High Level 


op 
on 
sc 
L 
IL 
IH 
d 
tr 
tt 


eee Output OFF Fall Time 
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Test Conditions 


On Resistance Input > 2 V;T, =25 °C 
Input > 2 V ; Full T Range 


Over Current Detection Level Fe te 20 
Open Load Detection Level 
Output Under Voltage Clamping | lioag < 6 A inductive 


lott Off State Supply Current T, < 35 °C 
T, =85 °C 


Input Current 0O<V,<5V 


V 
R 
| 
Ip 
V 
V 
Current Diagnostic Output High 
| tr | Output on Rise Time | y=25eC 


=] 
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m{o xe) 


oO) 


—. 
oO 
ne] 


bs = | C —. 
© aS 
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300 LA 
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100 WA 
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ff 


25 
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L9801 


FUNCTIONAL DESCRIPTION 


The L9801 is a high side drive monolithic switch, 
driven by TTL, CMOS input logic, able to supply re- 
sistive or inductive loads up to 6 A DC allowing a 
current peak of 25 A with a Ros (on) = 0.1 Q. The 
electronic switch, in addition to its main function, 
protects itself, the power network and the load 
against load dump (up to 60V) and overload and it 
detects short circuit, open load and overtempera- 
ture conditions. All these functions (logic control and 
power actuation) are possible on a single chip 
thanks to the new mixed ST Multipower BCD tech- 
nology that allows to integrate isolated DMOS 
power transistors in combination with Bipolar and 
CMOS signal structures on the same chip. 


The high side drive connection (series switch be- 
tween the load and the positive power source) is 
particularly suited in automotive environment where 
the electrochemical corrosion withstanding has pri- 
mary importance. For this connection the best sol- 
ution is a Power MOS N-channel which requires for 
driving only a capacitive charge pump completely 
integrated on the switch chip. 


The L9801 is based on a power DMOS series ele- 
ment, a driving circuit with a charge pump, an input 
logic interface and on some protection and fault de- 
tection circuits. 


The power DMOS transistor has a Ros (on) = 
0.1 Q (typ. value @ Ty = 25 °C, Vas = 10 V). The 
low value of Ros (on) is important both to increase 
the power transferred to the load and to minimize 
the power dissipated in the device. 


The charge pump is a capacitive voltage doubler 
starting from power supply (car battery), driven by a 
500 kHz oscillator. 


The input interface is based on a circuitry solution 
able to guarantee the stability over temperature of 
the TTL logic levels and very low quiescent current 
in OFF condition. 


When the supply reaches the maximum operating 
voltage (16 V) the device is turned OFF, protecting 
itself and the load ; moreover local zener clamps are 
provided in some critical points to avoid that Ves of 
any MOS transistor could reach dangerous values 
even during 60 V load dump transient. 


The inrush current limiting is a significant feature of 
the L9801. This function allows to protect the power 
supply network and may extend the life of the loads. 
For example, in the case of the lamps, the tungsten 
wire resistance value in cold condition is about one 
tenth of the nominal steady state and then the in- 
rush current during the turn on is statistically one of 
the main causes of lamps failures. If the high cur- 
rent condition persists (e.g. load short circuit) and 
the junction temperature rises above 150 °C, the 
thermal protection circuit turns off the device pre- 
venting any damage. The current limiting and the 
thermal shutdown are sufficient to protect the device 
against any overload because the power DMOS 
has not the second breakdown. 


When the L9801 is driven and one of the protections 
(overtemperature, overvoltage, overload) is pres- 
ent, a fault detection open drain output turns on. This 
output is active also when lioag is lower than 1.1 A 
detecting the open load (disconnected or burned 
out). The diagnostic output detects fault conditions 
with 25 ms delay in order to avoid spurious diagno- 
sys (i.e. : turn on overcurrent, overvoltage spikes 
etc.). In OFF conditions the fault detection circuits 
are not active to allow a minimum quiescent current. 


The device can drive unipolar DC motors and sole- 
noids as well because it can recirculate an inductive 
current when the output voltage goes lower than 
Vclamp value (typically - 6.5 V in respect to ground). 
The possibility to have a start up current is useful 
also for DC motors allowing the maximum starting 
torque. 
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TYPICAL APPLICATIONS OF THE L9801 


The L9801 integrated high side driver can be used 
to replace an electromechanical relay. In the follow- 
ing typical application two different driving configu- 
rations are shown : resistive load (i.e. lamps) and 


L9801 


inductive load (i.e. solenoids, motors). In this last 
case no external components are required for the 
coil current recirculation, because the device pro- 
vides this function internally. 


BATTERY 


DIAGNOSTIC 
FEEDBACK 


LS8U1 


N8ELIBG1-B3 


+9U 


DIAGNOSTIC 
FEEDBACK 
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MAKE A FULL BRIDGE USING L9801 


To make a bidirectional DC motor driver for the very 
hostile automotive environment, two L9801 high 
side drivers and two power MOS devices can be 
used. 


This solution for a DC motor full bridge is self-pro- 
tected against load dump transients up to 60 V, ther- 
mal runaway and short circuit on the motor and to 
ground. 


Thanks to the L9801 features, a motor with nominal 
current up to 10 A and a stall current up to 25 Acan 
be driven by such a system : the 10A limit for the 


BATTERY 


nominal current depends on the Rpson = 0.1 2 of 
the L9801’s internal power MOS device. If 1 V is the 
maximum allowed voltage drop for each power 
switch at the nominal current this last one must be 
no higher than 10 A; the 25 A limit for the motor stall 
current is due to the internal short circuit protection. 


Moreover the described system features a diagnos- 
tic output that signals short circuit and open load 
conditions, main supply overvoltages and thermal 
shutdown. 
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CIRCUIT DESCRIPTION 


Two solutions are possible to drive the 4 power de- 
vices in the full bridge configuration.Fig. 1 shows the 
first possibility : the system provides 4 yP-com- 
patible inputs and 1 diagnostic output. The L9222 
device is a quad inverting transistor switches (open 
collector outputs) which operates as interface be- 
tween the uP and the power stage. Depending on 
the status of this 4 control inputs, the 4 power de- 
vices are in ON or in OFF conditions as shown in 
the truth table A. 


The other status of the control inputs have no effect 
on the operation of the bridge or they are danger- 
ous (i.e. short circuit between the power devices on 
the same side). 


Due to the very short switching times of the discrete 
PowerMos compared with the L9801 ones - two 
problems could arise : 


1) asimultaneous conduction of I; and T; (or l2 and 
T2) at the switching on of Ti (or T2) 


2) an overvoltage on the drain of Ti (or T2) at the 
switching off of Ti (or To). 


To avoid these two problems Ci and Ce capacitors 
and the fast switching diodes D; and D2 must be 
used. 

C3 and C4 are necessary to prevent overvoltages 
on the main supply at the switching off phase due 


TRUTH TABLE A 


to the recirculation current and to the main supply 
wires inductance. Note that, thanks to the cen- 
tralized clamp feature of the L9222 device, only one 
16 V zener is requested to protect both the power 
MOS gate and the input of the L9801. 


The operating voltage range is 9 V to 16 V ; at sup- 
ply voltage higher than 16 V the two upper switches, 
if in ON conditions, are turned-OFF. 


The diagnostic output is common for both the 
L9801 ; this output may be used by the uP to detect 
bad operating condition of the system. 


The second solution for the control of the bridge is 
that shown in fig. 2 ; in this case we have only two 
control inputs, plus an enable input. The truth table 
of such a system is table B. 


In this case the control of the bridge is very simple 
and no 5 V supply voltage is required ; in addition it 
is not possible the contemporary switch-on of two 
power devices on the same side of the bridge as in 
the previous configuration. All the other features of 
this circuit are identical ones. The L603 device (eight 
darlingtons array) provides to interface the power 
stage and the control stage (uP or other) ; in this 
case too only one centralized clamp zener allows to 
protect the system inputs against supply overvolt- 
ages. 


Fast Stop 


UL LR 
UR LL 


Note : UL, UR, LL and LR mean respectively upper left, upper right, lower left and lower right device. 


TRUTH TABLE B 


Note : X=don't care. 


[Function —+‘[| —‘Deviceon_—i 
Fast Stop L LR 
UL UR 
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Figure 1 : Full Bridge Configuration with 4 Control Inputs. 
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MICROELECTRONICS L9811 


DC AND PWM HIGH SIDE DRIVER 


ADVANCE DATA 


» OPERATING SUPPLY VOLTAGE RANGE 6V 
TO 45V 

=» Ron LESS THAN 400mQ 

=» uP COMPATIBLE INPUT WITH THRESHOLD 
HYSTERESIS 

» DC AND PWM OPERATION 

» HIGH PERFORMANCE DIAGNOSTIC FUNC- 
TION 

a» SHORT CIRCUIT AND THERMAL OVERLOAD 
PROTECTIONS 

» GROUNDED CASE 

» ENABLE INPUT FOR STANDBY MODE 

Heptawatt 

DESCRIPTION 

The L9811 is a monolithic integrated circuit realized ORDER CODE : 1.9811 

in Multipower BCD technology. It is an intelligent 

high side driver designed especially for inductive or 

resistive loads. It features all functions necessary for 

automotive environment including high perfor- 

mance diagnostics. 


BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


Symbol 


0.3 


Supply to Output Voltage Po 


Input and Enable Input Voltage +7 


Bootstrap Voltage 


- 18 


Output Current Internally Limited 


Diagnostic Output Voltage 


Diagnostic Output Current 


THERMAL DATA 


Rth j-c 


PIN CONNECTION (top view) 


OUTPUT 
DIAG OUT 
IN 

GND 


EN 
BS 
Us 


N@ILIB11-B4 
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ELECTRICAL CHARACTERISTICS 6V < Vg < 45V ') ;— 40°C <T, < 125°C; Ven = HIGH 
unless otherwise specified 


[Symbol | Parameter | Test Conditions | Min. | Typ. [ Max. | Unit 
fon Sr Resbieree —_f tn s 08:7 2260 _{___}_ 2a | itt a 
Short | Short Circuit Current | Current ee ee ee 


| See Load Detection Level | Device ee 140 
a < 125°C 


ee eae ee ee 
[to | On State Quiescent Curent [Vw <oav dd tn) 
PY 
a 
ee a eC 


enor Output Leak. Diagnostic 10 
on como a HIGH 


| Voi | Diagnotic Output LOW Output LOW lop <3.5mMA sid < 3.5mA 


a Excessive Dropout Voltage 
Detection Level 
Output Diagn. Threshold | Vw2=2v | || 


a Standby Mode Quiesc. Ven < 0.8V pe 
Current . < 125°C ; Vs =27V 
Tvs=i3viT,=250 | | 30 | —*| nA 
re 
| Venn | Enable Level HIGH 


VENH 


2V < Ven < 5.5V 
Ven $ Vs - 2V 


aa’ 
eC a a a 


tgon ON Delay Time 8V < Bee Ve us 
oF OFF Delay Time 8V < Vs LS 
DIFF Delay time 8V <Vs 
tdon-tdOFF 


Notes: 1. for Vs <6V the device can switch off. 
: an external recirculation path must be assured in PWM operation to avoid exessive power dissipation. 
3 standby mode. 


Enable neue Current HIGH 


ine) 
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DIAGNOSTIC DECISION TABLE 


Normal "Off" 


Thermal Overload "On" 


Output Fail / "Off" 


Normal "On" 
Thermal Overload "On" 
Overcurrent "On" 
Open Load "On" 


Excessive Drop "On" 


[| = Parameter causing Diagnostic = LOW. 


* Minimum thermal shutdown threshold 150°C ; max. hysteresis 35°C. 


APPLICATION DIAGRAM 
Figure 1 : DC — Operation 


VOLTAGE 
fe REGULATOR 


Oe Ste os Se 


m 
= 


DIAGNOSTIC 
DIAGNOSYS OUT 


CHARGE 
PUMP 


DRIVING 
OUT IOUT 


MBILSB1I1-A2 


Note : D1 can be omitted If (Vs + Vrs) max < 60V. 
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Figure 2 : PWM—Operation. 
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DIAGNOSTIC 
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a 25A PEAK OUTPUT CURRENT 

a Ron = 100mQ 

a DIAGNOSTIC AND PROTECTION 
FUNCTIONS 

gz INRUSH CURRENT LIMITER 

» LP COMPATIBLE 

» GROUNDED CASE 


DESCRIPTION 


The L9821 High Side Driver realized with Multi- 
power - BCD mixed technology, drives resistive or 
inductive loads with one side connected to ground. 


The input control is TTL compatible and a diagnos- 
tic output provides an indication of load (open and 
short) and device status (thermal and overvoltage 
shutdown). On chip thermal protection and short cir- 
cuit protection are provided. 


L9821 


HIGH SIDE DRIVER 


ADVANCE DATA 


Pentawatt 


ORDER CODE °L9821 


Inrush current limiting makes the L9821 particularly 
suited for driving lamps. 


The device is assembled in the Pentawatt package 
with the tab connected to the ground terminal. 
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ABSOLUTE MAXIMUM RATINGS 


Max Forward Voltage 
Positive Transient Peak Voltage (dump : t; fall time constant = 
100ms, 5ms < tyise < 10MS, Resource = 0.5Q) 
— Resistive Load 
— Inductive Load 


Input Voltage Pin 2 (to GND) —0.8V/+Vs5 (Vs < 20V) 


Pin 4 Voltage (to GND) — 0.3V /+ Vs (Vs < 20V) 
Pin 5 Voltage (to GND) ~ 3V/+Vs (Vs < 20V) 


Pin 1 Current Internally Limited 
Pin 2 Current (forced) 0.5mA 
Pin 4 Current (sink) 10mA 
Pin 5 Current Internally Limited 


a Power Dissipation Internally Limited 
Is: Tste| Junction and Storage Temperature Range — 55°C to + 150°C 


* due to the negative voltage at the output during the switching off 


THERMAL DATA 


Thermal Resistance Junction-case Max 


PIN CONNECTION (top view) 


OUT 


DIAGNOSTIC 
FEEDBACK 
GND 


INPUT 
+Vc 


{ SGS-THOMSO 
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PIN FUNCTIONS 


1. POWER SUPPLY 


Supply voltage input. When the supply reaches the 
maximum operating voltage (32V) the device is 
turned off, protecting itself and the load. 

2. INPUT 


TTL compatible input. High level on this pin means 
output current ON. The low level voltage switches 
off the charge pump, the power stage and the diag- 
nostic output reducing to the minimum value the 
quiescent current. 

3. GROUND 


This pin must be connected to ground. 


4. DIAGNOSTIC FEEDBACK 
The diagnostic circuit is active in input high level con- 


L9821 


dition. This output detects with 25msec delay the fol- 

lowing faults : 

- Overvoltage condition. 

- Thermal shutdown. 

- Shortcircuit. The power stage current is internally 
limited at 25A. 

. Open load. The open load condition is detected 
with load current < 0.6A. 


The diagnostic output is active low. The diagnostic 
delay time allows to avoid spurious diagnosys (i.e : 
turn ON overcurrent, overvoltage spikes etc.). 


5. POWER OUTPUT 
The device is provided with short circuit protection. 


ELECTRICAL CHARACTERISTICS : (V, = 14.4V ;— 40°C < Ty < 125°C unless otherwise specified) 


| se | 
| tox__| Over Current Detection Level 
| loro _| 
| Volamp_ 


op 
Isc 
lbe 
| 

| lon On State Supply Current 


Diagnostic Delay Time 


ky SGS-THOMSON 


On Resistance Input > 2V:T, = 25°C 
Input > 2V : Full T Range 


Open Load Detection Level 
Vclamp | Output Under Voltage Clamping lioad < 6A Inductive 


off Off State Supply Current T, < 35°C 
T, = 85°C 


[vu [input owe SdSSCSC—~—CSSi 
vn [input High ever ——SSidSSCSC—“—sCs‘i 


ILeEAKb | Diagnostic Output Leakage Vee = SV, 
Current Diagnostic Output High 
Vsatp | Diagnostic Output Saturation Isink < 3-5MA 0.4 V 
Voltage 
| toa__| Diagnostic Delay Time 


Teo OSC i 
Ttson | Output ON Delay Time | Tease SSSSCSC*dSCSCi gd 
Tt. [Output ON ise Time ——*([tyeasoSC*dSSSC*d ts 
aorr | Output OFF Delay Tine ‘| Tvaa5eSSSCSC*dCSCi wo) 
[tr [Output OFFFallTime [Tease SSC too Ps 


4 


| 
an 


a ae ea 
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FUNCTIONAL DESCRIPTION 


The L9821 is a high side drive monolithic switch, 
driven by TTL, CMOS input logic, able to supply re- 
sistive or inductive loads up to 6A DC allowing a cur- 
rent peak of 25A with a Rpsion) = 0.1. The electronic 
switch, in addition to its main function, protects itself, 
the power network and the load against load dump 
(up to 60V) and overload and it detects short circuit, 
open load and overtemperature conditions. All 
these functions (logic control and power actuation) 
are possible on a single chip thanks to the new 
mixed ST Multipower BCD technology that allows to 
integrate isolated DMOS power transistors in com- 
bination with Bipolar and CMOS signal structures on 
the same chip. 


The high side drive connection (series switch bet- 
ween the load and the positive power source) is par- 
ticularly suited in automotive environment where the 
electrochemical corrosion withstanding has primary 
importance. For this connection the best solution is 
a Power MOS N-channel which requires for driving 
only a capacitive charge pump completely inte- 
grated on the switch chip. 


The L9821 is based on a power DMOS series ele- 
ment, a driving circuit with a charge pump, an input 
logic interface and on some protection and fault de- 
tection circuits. 


The power DMOS transistor has a Roson) = 0.1Q 
(typ. value @ Ty = 25°C, Vas = 10V). The low value 
of Ros(on) is important both to increase the power 
transferred to the load and to minimize the power 
dissipated in the device. 


The charge pump Is a capacitive voltage tripler start- 
ing from power supply (car battery), driven by a 
500kHz oscillator. 


The input interface is based on a circuitry solution 
able to guarantee the stability over temperature of 
the TTL logic levels and very low quiescent current 
in OFF condition. 


When the supply reaches the maximum operating 
voltage (32V) the device is turned OFF, protecting 
itself and the load ; moreover local zener clamps are 
provided in some critical points to avoid that Vas of 
any MOS transistor could reach dangerous values 
even during 60V load dump transient. 
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The inrush current limiting is a significant feature of 
the L9821. This function allows to protect the power 
supply network and may extend the life of the loads. 
For example, in the case of the lamps, the tungsten 
wire resistance value in cold condition is about one 
tenth of the nominal steady state and then the in- 
rush current during the turn on is statistically one of 
the main causes of lamps failures. If the high cur- 
rent condition persists (e.g. load short circuit) and 
the junction temperature rises above 150°C, the 
thermal protection circuit turns off the device pre- 
venting any damage. The current limiting and the 
thermal shutdown are sufficient to protect the device 
against any overload because the power DMOS has 
not the second breakdown. 


When the L9821 is driven and one of the protections 
(overtemperature, overvoltage, overload) is pres- 
ent, a fault detection open drain output turns on. 
This output is active also when lioad is lower than 
0.6A detecting the open load (disconnected or 
burned out). The diagnostic output detects fault con- 
ditions with 25ms delay in order to avoid spurious 
diagnosys (i.e. : turn on overcurrent, overvoltage 
spikes etc.). In OFF conditions the fault detection 
circuits are not active to allow a minimum quiescent 
current. 


The device can drive unipolar DC motors and sole- 
noids as well because it can recirculate an inductive 
current when the output voltage goes lower than 
Vclamp Value (typically - 6.5V in respect to ground). 
The possibility to have a start up current is useful 
also for DC motors allowing the maximum starting 
torque. 


TYPICAL APPLICATION OF THE L9821 


The L9821 integrated high side driver can be used 
to replace an electromechanical relay. The follow- 
ing typical application is used to drive lamps in auto- 
motive environment. 


Inductive load also (i.e. solenoids, motors) can be 
driven by the L9821. In this last case no external 
components are required for the coil current recir- 
culation, because the device provides this function 
internally. 
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Figure 1. 


BATTERY 


DIAGNOSTIC 
FEEDBACK 


Figure 2. 


DIAGNOSTIC 


FEEDBACK 
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OCTAL SERIAL SOLENOID DRIVER 


ADVANCE DATA 


» EIGHT HIGH CURRENT OUTPUTS CAPABLE Data is transmitted serially to the device using the 
OF DRIVING UP TO 0.75A PER OUTPUT Serial Peripheral Interface (SPI) protocol. 

» 8 BIT SERIAL INPUT DATA The L9822 feat th t tari 

Solr SERIAL DIACNOSTIONOUIPUT: FOR: Guy 
OVERLOAD AND OPEN CIRCUIT CONDI- 
TIONS 

a OUTPUT SHORT CIRCUIT PROTECTION 

» CHIP ENABLE SELECT FUNCTION (active low) 

a INTERNAL 34V CLAMPING FOR EACH OUT- 
PUT 

=» CASCADABLE WITH ANOTHER OCTAL DRI- 
VER 


maaan ees aes ORDER CODE : L9822 
TheL9822 is anoctal low side solenoid drive rea 
lized in Multipower-BCD technology particularly MULTIWATT_-15 


suited for driving lamps, relays and solenoids in 
automotive environment. 


BLOCK DIAGRAM 
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PIN CONNECTION (top view) 


OUTPUT 


4 
Ss 
6 
7 


VOLTAGE 


CHIP ENABLE 
OUTPUT @ 
GUTPUT 1 
OUTPUT 2 
OUTPUT 3 


enw & wo NN © 
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ABSOLUTE MAXIMUM RATINGS 


Symbol 
DC Logic Supply Vv 
Output Voltage 


Input Transient Current 

(CE, SI, SCLK, RESET, SO) : 
Duration Time t = 1s, 

Vi< 0 

Vi > Vcc 


| loge | Continous Output Current (for each output) Int. Limited 
Junetion and Storage Temperature Range 


THERMAL DATA 


Rthj-case| Thermal Resistance Junction-case 
Rthj-amb | Thermal Resistance Junction-ambient 
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PIN DESCRIPTION 


Vcc 
Logic supply voltage - nominally 5V 


GROUND 


Device Ground. This ground applies for the logic cir- 
cuits as well as the power output stages. 


RESET 


Asynchronous reset for the output stages, the par- 
allel latch and the shift register inside the L9822. 
This pin is active low and it must not be left floating. 
A power on clear function may be implemented con- 
necting this pin to Vcc with an external resistor and 
to ground with an external capacitor. 


CE 


Chip Enable. Data is transferred from the shift reg- 
isters to the outputs on the rising edge of this signal. 
The falling edge of this signal sets the shift register 
with the output voltage sense bits coming from the 
output stages. The output driver for the SO pin is en- 
abled when this pin is low. 


SO 


Serial Output. This pin is the serial output from the 
shift register and it is tri-stated when CE is high. A 
high for a data bit on this pin indicates that the par- 


L9822 


ticular output is high. A low on this pin for a data bit 
indicates that the output is low. 


Comparing the serial output bits with the previous 
serial input bits the external microcontroller imple- 
ments the diagnostic data supplied by the L9822. 


Sl 


Serial Input. This pin is the serial data input. A high 
on this pin will program a particular output to be OFF, 
while a low will turn it ON. 


SCLK 


Serial Clock. This pin clocks the shift register. New 
SO data will appear on every rising edge of this pin 
and new SI data will be latched on every SCLK’s 
falling edge into the shift register. 


OUTPUTS 00-07 


Power output pins. The input and output bits corres- 
ponding to 07 are sent and received first via the SPI 
bus and 00 is the last. The outputs are provided with 
current limiting and voltage sense functions for fault 
indication and protection. The nominal load current 
for these outputs is 500mA, but the current limiting 
is set to a minimum of 1.2A. The outputs also have 
on board clamps set at about 32V for recirculation 
of inductive load current. 


ELECTRICAL CHARACTERISTICS (Vcc = 5V + 5%. T, = — 40 to 125°C ; unless otherwise speciifed) 


lo = 0.5A 


lo =0.8A 
lo = 0.95A 
With Fault Reset Disabled 


Out. Current Limit Output Progr. ON 

tPHL Turn-on Delay lo = 500mA 

No Reactive Load 
teLH Turn-off Delay lo =500mA 

No Reactive Load 
VOREF Fault Refer. Voltage Output Progr. ON 1.35 1.65 V 

Fault detected if Vo > Vorer 

75 


Output Sat. Voltage 


tub Fault Reset Delay 
(after CE L to H 
transition) 


[Symbol [Parameter [Test Conditions | win. 
Towst | Out Leekage Current | Vo = 24V, Output Prog OFF | 


Output Progr. ON 


_ wi . 
VoFF Output OFF Voltage Output Progr. OFF, 1.0 V 
Output Pin Floating. 
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ELECTRICAL CHARACTERISTICS (continued) 
INPUT BUFFER (SI, CE, SCLK and RESET pins) 


OUTPUT BUFFER (SO pin) 


Symbol 
Output LOW Voltage lo = 1.6mA 


Isot Output Tristate Leakage} 0 < Vo < Vcc, CE Pin Held High, 
Current Voc = 5.25V 
Cso Output Capacitance 0<Vo<Vcc 
CE Pin Held High 
fe 


Ic Quiescent Supply T, = 125°C 
Current at Vcc Pin T, =25°C 
,=— 40°C 
All Outputs Progr. ON. lo =0.5A 
per Output Simultaneously 


Fall Time (SO output) Vcc = 70 to 20% CO, =200pF 


Rise Time SPI Voc =20 to 70% Cy, =200pF 
Inputs (SCK, SI, CE) 


Fall Time SPI Vcc =70 to 20% Cy, =200pF 
Inputs (SCLK, SI, CE) 


tho Output Data Hold Time 
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FUNCTIONAL DESCRIPTION 


The L9822 is a low operating power device featu- 
ring, eight 0.75A open collector drivers with transient 
protection circuits in output stages. Each channel is 
independently controlled by an output latch and a 
common RESET line which disables all eight outputs. 
The driver has low saturation and short circuit pro- 
tection and can drive inductive and resistive loads 
such as solenoids, lamps and relais. Data is trans- 
mitted to the device serially using the Serial Periph- 
eral Interface (SPI) protocol. The circuit receives 8 bit 
serial data by means of the serial input (SI) which is 
stored in an internal register to control the output dri- 
vers. The serial output (SO) provides 8 bit of diag- 
nostic data representing the voltage level at the driver 
output. This allows the microprocessor to diagnose 
the condition of the output drivers. 


The output saturation voltage is monitored by a 
comparator for an out of saturation condition and is 
able to unlatch the particular driver through the fault 
reset line. This circuit is also cascadable with an- 
other octal driver in order to jam 8 bit multiple data. 
The device is selected when the chip enable (CE) 
line is low. 


Additionally the (SO) is placed in a tri-state mode 
when the device is deselected. The negative edge 
of the (CE) transfers the voltage level of the drivers 
to the shift register and the positive edge of the (CE) 
latches the new data from the shift register to the 
drivers. When CE is Low, data bit contained into the 
shift register is transferred to SO output at every 
SCLK positive transition while data bit present at S! 
input is latched into the shift register on every SCLK 
negative transition. 


INTERNAL BLOCKS DESCRIPTION 


The internal architecture of the device is based on 
the three internal major blocks : the octal shift reg- 
ister for talking to the SPI bus, the octal latch for 
holding control bits written into the device and the 
octal load driver array. 


SHIFT REGISTER 


The shift register has both serial and parallel inputs 
and serial and parallel outputs. The serial input ac- 
cepts data from the SPI bus and the serial output 
simultaneously sends data into the SPI bus. The 
parallel outputs are latched into the parallel latch in- 
side the L9822 at the end of a data transfer. The 
parallel inputs jam diagnostic data into the shift reg- 
ister at the beginning of a data transfer cycle. 


PARALLEL LATCH 


The parallel latch holds the input data from the shift 
register. This data then actuates the output stages. 


Individual registers in the latch may be cleared by 
fault conditions in order to protect the overloaded 
output stages. The entire latch may also be cleared 
by the RESET signal. 


OUTPUT STAGES 


The output stages provide an active low drive sig- 
nal suitable for 0.75A continuous loads. Each out- 
put has a current limit circuit which limits the 
maximum output current to at least 1.2A to allow for 
high inrush currents. Additionally, the outputs have 
internal zeners set to 34 volts to clamp inductive 
transients at turn-off. Each output also has a volt- 
age comparator observing the output node. If the 
voltage exceeds 1.5V on an ON output pin, a fault 
condition is assumed and the latch driving this par- 
ticular stage is reset, turning the output OFF to pro- 
tect it. The timing of this action is described below. 
These comparators also provide diagnostic feed- 
back data to the shift register. Additionally, the com- 
parators contain an internal pulldown current which 
will cause the cell to indicate a low output voltage if 
the output is programmed OFF and the output pin 
is open circuited. 


TIMING DATA TRANSFER 


Figure #2 shows the overall timing diagram from a 
byte transfer to and from the L9822 using the SPI 
bus. 


CE High to Low Transition 


The action begins when the Chip Enable (CE) pin is 
pulled low. The tri-state Serial Output (SO) pin driver 
will be enabled entire time that CE is low. At the fall- 
ing edge of the CE pin, the diagnostic data from the 
voltage comparators in the output stages will be 
latched into the shift register. If a particular output is 
high, a logic one will be jammed into that bit in the 
shift register. If the output is low, a logic zero will be 
loaded there. The most significant bit (07) should be 
presented at the Serial Input (SI) pin. A zero at this 
pin will program an output ON, while a one will pro- 
gram the output OFF. 


SCLK Transitions 


The Serial Clock (SCLK) pin should then be pulled 
high. At this point the diagnostic bit from the most 
significant output (07) will appear at the SO pin. A 
high here indicates that the 07 pin is higher than 
1.5V. The SCLK pin should then be toggled low then 
high. New SO data will appear following every ris- 
ing edge of SCLK and new SI data will be latched 
into the L9822 shift register on the falling edges. An 
unlimited amount of data may be shifted through the 
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device shift register (into the SI pin and out the SO 
pin), allowing the other SPI devices to be cascaded 
in a daisy chain with the L9822. 


CE Low to High Transition 


Once the last data bit has been shifted into the 
L9822, the CE pin should be pulled high. 


At the rising edge of CE the shift register data is 
latched into the parallel latch and the output stages 
will be actuated by the new data. An internal 100 
usec delay timer will also be started at this rising 
edge. During the 100 usec period, the outputs will 
be protected only by the analog current limiting cir- 
cuits since the resetting of the parallel latches by 
faults conditions will be inhibited during this period. 
This allows the part to overcome any high inrush 
currents that may flow immediately after turn on. 
Once the delay period has elapsed, the output volt- 
ages are sensed by the comparators and any out- 
put with voltages higher than 1.5V are latched OFF. 
It should be noted that the SCLK pin should be low 
at both transitions of the CE pin to avoid any false 


Figure 1 : Byte Timing with Asynchronous Reset. 


clocking of the shift register. The SCLK input is 
gated by the CE pin, so that the SCLK pin is ignored 
whenever the CE pin is high. 


FAULT CONDITIONS CHECK 


Checking for fault conditions may be done in the fol- 
lowing way. Clock in a new control byte. Wait 150 
microseconds or so to allow the outputs to settle. 
Clock in the same control byte and observe the diag- 
nostic data that comes out of the device. The diag- 
nostic bits should be identical to the bits that were 
first clocked in. Any differences would point to a fault 
on that output. If the output was programmed ON 
by clocking in a zero, and a one came back as the 
diagnostic bit for that output, the output pin was still 
high and a short circuit or overload condition exists. 
If the output was programmed OFF by clocking ina 
one, and a zero came back as the diagnostic bit for 
that output, nothing had pulled the output pin high 
and it must be floating, so an open circuit condition 
exists for that output. 
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Figure 2 : Timing Diagram. 


TPHL | FAULT- INDUCED 
PCH TURN/OFF 


MBELIEBZZ-1GA 


Figure 3 : Typical Application Circuit. 


Vcc = 5.6VU N&ELIB22-A5A 
Vbat= 14,6U 
oO 
= 16mH 16% 
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a HIGH EFFICIENCY DUE TO PWM CONTROL 
AND POWER DMOS DRIVER 

a» CURRENT LIMITATION 

» OVER AND UNDERVOLTAGE PROTECTION 

m THERMAL PROTECTION 

a LIMITED AND PROGRAMMABLE OUTPUT 
VOLTAGE SLEW RATE 

a OPEN GROUND PROTECTION 

a VERY LOW STANDBY POWER CONSUMP- 
TION 

» LOAD DUMP PROTECTION 

a MINIMIZED ELECTROMAGNETIC 
FERENCE 

a» WIDE CHOICE IN PWM FREQUENCY RANGE 

a» LOAD POWER LIMITATION 


INTER- 


DESCRIPTION 


The L9830 high side driver is a monolithic integrated 
circuit realized with Multipower BCD mixed technol- 


BLOCK DIAGRAM 


UNDER & OUER 
VOL TAGE 

& LOAD DUMP 

PROTECTION 


BOOTSTRAP 


ME9OLIEIE-B1 


May 1989 


OPEN GND 
PROTECTION 


L9830 


MONOLITHIC LAMP DIMMER 


ADVANCE DATA 


HEPTAWATT 


ORDER CODE : L9830 


ogy to drive resistive or inductive loads in PWM 
mode. The device is particularly suited as dash- 
board dimmer in automotive applications. 


IN 


STANDBY & 
LOAD POWER 
LIMITATION 
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PIN CONNECTION (top view) 


TAB CONNECTED TO PIN 4 GND NMESLIB3B-4A5 


ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter 
Vs Transient Supply Overvoltages : 
5ms <trse < 10Ms 
t; Fall Time Constant = 100ms 
Rsource 2 0,52 
Drain Source-voltage a ee 
Input Voltage — 0.3, VS + 0.3 


| Unit _| 
Load Dump : 
Pte | Suppy Curent SSSSC*~<“~*~*~*~*~*~*~*~*~“—*~*é*dSC‘CBOS”*#*#*C=CAN‘*Cd’ 
. 
VS+0 


THERMAL DATA 
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PIN FUNCTION (7 Pin Heptawatt) 


Common Ground Connection 


IVS | Power eupey Connection 

= eiegreeras ee 
bootstrap the gate driving voltage of the power DMOS. 

Nose. | A capacitance C7 connected between GND and this pin sets the PWM switching frequency. 

Analog input controlling the PWM ratio, related to VS. 

Out a 


Source Connection of the Internal Power DMOS 
A resistor connected between this pin and GND allows to program the output voltage slew rate, 
the PWM oscillator frequency and the short circuit current value. 


ELECTRICAL CHARACTERISTICS (unless otherwise noted) 
6V < VS < 16V, —40°C < Ty < 125°C 


Parameter! =| Condiitions | smin_ | typ | max | Unit 


Operating Quiescent Current *1 | Vin = 0.2*VS 1.7 3 mA 
Rp —_ 
Rp =30KQ 4.9 10.0 


Standby Current Vin < Vinss 
Tins ey 


[ows | 
a ee nr ee ee 


VINH Input High Threshold fo X ton =1 0.95VS 
VS < VSieL 


| iy | Input Current Current — 0,3<VinsVs5+0,3V | —0,3<VinsVs+0,3V] | 1 


is. [Low Sunny Voge ign Trecho [80 | ssf 6 |v 
Poe nl a ee eee 


VS-PL Load Power Limitation Start Supply 12.0 13.2 14.5 
Voltage 


| _VSu | High Supply Voltage High Threshold | | 164 | t82 | 20 | Vv 
| VSunys | High Supply Voltage Hysteresis |_| ~ 350 | ~ 190 | -50 | mv _ 
8.1] hess Fup Supp) esas testo | 
Fao | teed Dump Devise Gavel Rasitanes | VE VEy ___{ -—_| 80 | 10 | 2 


Internal PWM Frequency Constant ; = Ktct Hznf 
Rp —> oo 
External PWM Frequency Constant £5 0.225 0.250 0.275 
CrRp 
30KQ<Rps500KQ 


| los | Short Current Limitation | vS=12v_— | 3.0 | 60 | 90 | A | 


Notes : 1. 


Vs—0.7V 


Igo = 11.3 + 0.67mA, Rp $ 30KQ 


p 
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ELECTRICAL CHARACTERISTICS (continued) 


Paramete] ——~SCS~SCS Crit min | 


VS =12V 
*4 | Rp = 125KQ 


| Ros | Static Drain Source on Resistance aaa a. 160 


Parameter 
Ros 
Si Internal Fixed Output Voltage VS =12V 
Slew Rate *2 | 5Q0<Ri_ <7 


loso External Programmable Short 
Current Limit. 


Notes : 2. 
1 
S:=VS* 10.55 — -—685V/ms 
ms 
3. 


10° VQ 
So= — (VS*1320 ViiC ~ 860 V24iC) — 
Re ms 
R. VS—065V V 
SO SS ee BIO: 
Re Ri+0.32Q msA 
4. 
OSs t A 
I~ = (VS — 0.6V) * 0.514 v 
64620 
loso = (VS = 0.6V) Re 


FUNCTIONAL DESCRIPTION 


To control the power of the load with a Power-MOS 
transistor in the switched mode, its gate must be 
driven with a PWM signal. The amplitude of the gate 
driving pulse must guarantee that the Power DMOS 
transistor will be completely saturated during the ON 
phase. To generate the necessary gate driving volt- 
age a charge pump circuit is required. With this cir- 
cuit a gate voltage value approximatively given by 
2(Vs — 1.5V) is obtained. 


The slope of the leading and trailing edge of the gate 
driving signal is defined with an internal capacitor. 
The important criteria for the dimensioning of the 
output voltage slope are the electromagnetic radia- 
tion and the power dissipation of the Power DMOS. 
The typical slope value is about 120V/ms to fulfill 
automotive EMI requirements. 


The output signal slope is directly related to Vs value 
and is in a wide range programmable through the 
programming resistance Fp. 
g Vou _p, Gioad RL VS—0.65V 10°V 

~ dt dt) Re Re+0.32Q Ams 
For fast gate voltage variation the bootstrap option 
can be used. The bootstrap capacitance should 
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* aa 


have a relation 50 times greater than DMOS para- 
sitic capacitances and should be about 


Ces = 100nF 


The switching frequency fo is defined with a triangle 
oscillator and is programmed with the capacitor Ct 
or with Cy and Pp if a greater precision is required. 


fo = Kt/Cr (without Re) 


1 
fo = AGTRP (with RP) 

The modulation factor of the PWM driving signal of 
the internal Power DMOS transistor is defined by 
the voltage level at the analog input. The typical 
trannsfer curve giving the PWM factor as a function 
of the input voltage is shown in fig. 1. 


For Vs values higher than the load power limitation 
threshold voltage, the PWM ratio is reduced linear- 
ly to transfer a constant power to the load. 


The input voltage is referred to the supply voltage. 
The PWM factor regulation can be realized using a 
potentiometer connected to the supply voltage and 
the analog input (see the typical application circuit 
diagram). 
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TRANSFER CHARACTERISTIC 


PUM RATIO 


L9830 


VIN/US 


MESL9BI-B2 


The maximum load current in the short circuit con- 
dition is limited internally with a sense DMOS cell. 


The short circuit current value depends on the sup- 
ply voltage value : this allows to achieve in any con- 
dition the lamp required warm up current which will 
be normally two or three times higher than the nomi- 
nal current value. The typical short circuit current 
value can be programmed by the external resistor 
Rp according to the following formula : 
VS —0.6V 


Rp 


If the short current condition is detected the gate will 
be driven with a DC voltage regulated to maintain 


lose = 64620 


the specified current. With this function the switch 
on phase for a lamp as a load will be speeded up. 


The circuit features also a protection function which 
allows to withstand high overvoltage for a limited time 
(load dump in automotive application). Above the 
VSu threshold the gate driving of the Power MOS 
transistor is switched off. When the Vat rises above 
the internal supply clamp voltage VS_p the Power 
DMOS gate voltage arises up to VS. In this condition 
the current limitation works too the voltage is limited 
to Vs_p with a serial resistance of Rip and the load 
voltage can be calculated. 
V_=VS-— Ves 2 Iso RL 

The device is provided with an internal thermal pro- 
tection. 
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APPLICATION CIRCUIT DIAGRAM FOR DASHBOARD DIMMING 


Rpot S@K/LINEAR 


UNDER & OUER STANDBY & 
PEN GND 
UOL TAGE Ore LOAD POUER 


& LOAD DUMP 
PROTECTION neOree tee LIMITATION 


BOOTSTRAP 


MESLIB3IEA-B3 


Note : All node voltage are referred to ground pin GND The currents flowing in the arrow direction are assumed positive 


APPLICATION CIRCUIT DIAGRAM FOR DASHBOARD DIMMING WITH OPTIMIZED DEVICE POWER 
DISSIPATION 


26uUF /6BU 


aa 
CHARGE PUMP 


UNDER k a STANDBY & 
VOLTAGE LOAD POUER 


& LOAD DUMP 
PROTECTION LIMITATION 


THERMAL CURRENT 
BOOTSTRAP 
PROTECTION PROGRAMMIN 


MESL9838-84 


Note : All node voltage are referred to ground pin GND The currents flowing in the arrow direction are assumed positive. 
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OCTAL PARALLEL LOW SIDE DRIVER 


s OPERATING DC SUPPLY VOLTAGE RANGE 

5V TO 25V 

SUPPLY OVERVOLTAGE PULSE UP TO 40V 

n VERY LOW STANDBY QUIESCENT CUR- 

RENT 100uA 

EIGHT BIT PARALLEL STRUCTURE WITH 

MEMORY FEATURE 

BIDIRECTIONAL INPUTS-OUTPUTS 

a wC COMPATIBLE INPUT LEVELS WITH THRE- 

SHOLD HYSTERESIS 

INTERNAL 4.5V REFERENCE DEFINING THE 

OUTPUT HIGH LEVELS 

EIGHT HIGH CURRENT OUTPUTS FOR DC 

CURRENTS UP TO 350mA WITH ON RESIST- 

ANCE LESS THAN 39 (typ. 1,59) 

n OUTPUT SHORT CIRCUIT PROTECTION 
WITH TIME DELAY CHARACTERISTICS FOR 
DRIVING LAMPS 

s THERMAL OVERLOAD PROTECTION 


BLOCK DIAGRAM 


ADVANCE DATA 
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DIP-20 Plastic SO-20L 


ORDER CODES : L9842 (DIP-20) 
L9842D (SO-20L) 


DESCRIPTION 


The L9842 is an octal parallel input power interface 
circuit in the Multipower BCD technology with bidi- 
rectional inputs and outputs and output status moni- 
toring. 


VOLTAGE 
REFERENCE 


M@EL9842-81 


May 1989 
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PIN CONNECTIONS (top view) 


1 
2 
3 
4 
=) 
6 
c 
8 
3 
1 


NEGBLIBAZ-GBGE 


ABSOLUTE MAXIMUM RATINGS 


Transient Supply Voltage :Load Dump : 40 
5MS S trise $ 10Ms 
t Fall Time Constant = 100ms 
Rsource 2 0.5Q 


V 


Vs 
(*) 
Transfer Input Voltage 
Junction and Storage Temperature Range — 55 to 150 


P max Power Dissipation (Tamb = 80°C) DIP-20 875 mW 
SO-20L 420 mW 


(*) Schaffner pulses type 1 and 2 


THERMAL DATA 


| pip-20 | S0-20L 
Thermal Resistance Junction-ambient Max. 80°C/W 165°C/W 
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ELECTRICAL CHARACTERISTICS (unless otherwise noted) 
SV < Vg $ 25V, - 40°C <T, $ 125°C 


Input Voltage LOW 


Input Voltage HIGH 


Output Voltage LOW 
VpouUTH Output Voltage HIGH 


Rout 
Output Resistance 
Rout-characteristic 
See fig. 2 
Isc Output Short Current 


loutsc-characteristic 
See fig. 3 


Vout Output Voltage 


Quiescent Current 


STANDBY MODE 
TRANSFER-, 
HOLD MODE 
READ MODE 


Short Circuit 
Operating Current 
Per Channel 


Iscop 


Input Current 


eC ok Te 
[Ven | Enable Votage HGH —+[——~S~S~S no Pt 
[Wau | Transfer VotageLow [SCS Pd to 
TWraw | TransferVotageHiGH [Sn Po | 
ie rm | Enable, Transfer input Gurent [O<Vermeev st | dt 
[Ven [Enable Treshod Hysteresis [TT 

[Venn_| Transfer Threshold Hysteresis | so 280 P00 | mv 


Output Leakage Current 


dVour/dt | Output Voltage Transient Out = 


Output Capacitance 


Out = H, T, = 85°C 10 100 LA 
mous = 16V 


-_ta_| Quiescent ure _fvenasy fd TS 


| Vom | Output Monitor Thresnold | ts || 8 | 


Ve =L, VrRa =L 
(input-mode) |) 


Ve =L, Vta =H 
(output-mode) ! 
Ipout = 1mA 

IpoutT =—0.1mA 


Veel, ae 


- 10 10 LA 
(input-mode) 


a as on oe 


Out =L 

0 < lout < 200mA 
8V < Vs < 25V 
Vs1 =6.5V 

Vso = 5.0V 


Out = L : Voyt = Vs 
Tscu = 2.5mS 
Tsc. =40mS 


Out =H 
lout = 0.35A (DC) 
lout = 1A (pulsed) 


ee ee 
Out = H, Vout = 5V 


60 90 120 pF 
Vout = 15V 30 60 90 pF 


BV < Vg < 16V 
100 yA 
200 uA 
400 uA 


T, = 100°C 
Ve =H, Vira =H 


Vir =L 
Ve =L, Vta =H 
Ipout =0 


Ve =L, Voi =L 
VtrR=L 
lout 2 1A 


Note: 1. Vp are bidirectional data inputs or outputs depending on the Ve, Vrr status 
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ELECTRICAL CHARACTERISTICS (continued) 


/ton-torr/ | Delay Time Difference 


Notes: 2. Ifthe output current exceeds the high short current threshold Iscu an internal timer is started and if after the time period of Tscu + Tsct 
the current limiting is still active the overload condition is recognized and this output ts switched off. To restart the output the corre- 
sponding input voltage Voin must become HIGH to reset the tnternal overload latch. 

3. Because the output capacitance is the drain-source capacitance of the power switch the risetime of the outputs depends of the used 
supply voltage Vs, the load resistor Ri and the output capacitance Cour and can be calculated with the following equation : 
Ta = T In 10 (reaching 90% of Vs) T = Rt x Cout x K (4) K= 1.5 
This additional delay time Ta must be added to torr. 

4. Because the drain source capacitance of the output transistor is voltage dependent, it is necessary to multiply Cour (specified at the 
maximum Vour) with a correction factor K to obtain the average output capacitance Cout 

5. Delay time between alla modes except STANDBY MODE. 

6 Delay time between STANDBY MODE and any other mode and vice versa. 


TRUTH TABLE FOR THE CONTROL INPUTS 


Enable Ve Mode Symbol 
L H 
(output corresponds to the 


data latch) 
H H SM STANDBY MODE 
(all outputs open) 


Function Mode 


READ MODE 
(output monitoring) 


TRANSFER MODE 
(input data transferred to 
output) 


HOLD MODE 
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Figure 1 : Timing Diagram with Function Modes. 


L9842 


;TH[ RM] TH] Hm | Sm| Th] Hn] Ro] TH | HM | Sh f—-HN—e— TH 


Figure 2 : Maximum Rout - Characteristics. 


Maximum limit 
over temperature 


Typical curve 
at 25°C 


25 Us(V) 
NEEL 9BL2-B3 
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Figure 3 : Typical Output Short Current 
Characteristics. 


-~-Example of a limited 
UN-current of a typical lamp 
Iion Lamp ON-current for t —>= 


42.5 tlms) 
NEEL9B42-04 
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Figure 4 : Test Circuit. 
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FUNCTIONAL DESCRIPTIONS 


This device is developed specially for automotive 
applications to drive different loads like relais, 
lamps, data buses or actuators with very low current 
consumption. 


The L9842 contains eight identical channels each 
with a separate DATA input/output and the power 
output. In each channel the memory function, the 
output short circuit function and the diagnostic func- 
tion is realized. 


The common part determines the function modes 
through ENABLE and TRANSFER inputs whereas 
the reference part biases all current sources and 
generates the threshold voltages and the stabilized 
supply voltage for the whole CMOS -logic. 


A special thermal protection, ESD-protected in- 
puts/DATA pins and a particular output short circuit 
characteristic prevent a damage or the destruction 
of the device. 


Referring to the clock diagram it can be seen that 
each channel works independent and contains all 
necessary functions described in the following 
points. 
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OUTPUT BLOCK 


TRANSFER FROM DATA INPUT TO POWER 
OUTPUT. The DATA pins are used bidirectional. 
The main path is the transfer of a digital signal from 
the DATA pin to the power output (transfer mode). 
The data pass the input latch that works also as a 
memory in the HOLD MODE. They remain stored 
until the TRANSFER MODE is selected to write in 
new data. 


This means that in all other modes the memory con- 
tent will not be changed except the output short cir- 
cuit protection was active more than the check time 
of 42.5ms. In this case the storage flip-flop will be 
reset to set the output for protection into the Off- 
state. By activating the READ MODE in this position 
itis possible to detect short-circuit load. 


To switch on the output again the external control 
processor has to select the TRANSFER MODE and 
to change the input signal at the corresponding data 
terminal to "HIGH" to set the storage flip-flop and 
then to write in "LOW". An additional reading of this 
channel output (selecting the READ MODE after the 
mentioned check time) shows whether the short-cir- 
cuit is still present. 
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TRANSFER FROM POWER OUTPUT TO DATA 
OUTPUT.The opposite signal path (READING 
MODE) from the output to the DATA terminals is 
used for the diagnostic function to monitor the out- 
put status. Output voltages greater than 3.5V lead 
to "HIGH" state at the DATA terminals. The HIGH 
level is typical 4.5V and internally stabilized. For 
LOW level the saturation voltage of an NPN-transis- 
tor is relevant. 


SHORT-CIRCUIT PROTECTION. For the use of 
lamps a particular short-current characteristic is im- 
plemented that is drawn in fig. 3. Because of the low 
resistance of lamps during the ON-phase the cur- 
rent limit is for typical 2.5ms about the double as for 
the second current limiting phase. This prevents a 
switching off of this channel after the check time of 
42.5ms (dotted line in fig. 3). 


These time periods are generated from two frequen- 
cies 400Hz2/6.4kHz coming from the common oscil- 
lator part. If the current limiting is active after the 
check period an overload is recognized and the re- 
garding channel is switched off and the DATA flip- 
flop is also reset as explained earlier. 


In order to save supply current a special short-cir- 
cuit protection is used that needs no quiescent cur- 
rent during the ON-state as long as no overload is 
present at the output. Because of this special circuit 
configuration the output current must exceed a 
given threshold to activate the current regulation 
loop. 

This current threshold ITH is determined by the ON- 
resistance Rpson of the output DMOS and the mini- 
mum operating supply voltage Vsmin of the limiting 
circuit and can be easily calculated in the following 
way : 

ItH = Vsmin/Rpson = 4V/1.5Q = 2.7A (typical value 
at T) = 25°C) 

When the output is shorted for instance to V = a 
maximum peak current will occur for a short dura- 
tion up to the limiting circuit is switched on and the 
settling time is over. Under worst case conditions 
(Tj = 40°C), Vs = 16V, where Roson is lowest) the 
peak current can reach 7A with a duration of ips at 
Vout = 15V and 4A with a duration of 20us at 
Vout = 5V. 


COMMON PARTS 


MODE CONTROL. By the TRANSFER and EN- 
ABLE input the working modes can be selected as 
shown in the truthtable in the upper part of fig. 1. 
The control signals coming from both input com- 
parators which determine the logic threshold and 
hysteresis drive the mode logic that distributes the 
right data to all output blocks. 


L9842 


TRANSFER, HOLD and READ MODE are ex- 
plained before. The remaining STANDBY MODE 
switches the clock oscillator and all outputs off and 
reduces the quiescent current below 100uA. This 
means that only the both mode comparators andthe 
bandgap regulator are active. The input data stored 
before will be not changed. 


OSCILLATOR PART. The clock oscillator contains 
an on-chip capacitor and requires therefore no ex- 
ternal components. The oscillation frequency is ap- 
proximately in the range of 50kHz. This oscillator 
signal is devided by a 7 bit-counter which creates 
the two frequencies for the timing of all short current 
control circuits in each output block. 


VOLTAGE REFERENCE. The main reference cell 
is a bandgap controlled very low drop voltage regu- 
lator. All threshold voltages for the input compara- 
tors, the diagnostic comparators and the thermal 
overload comparators as well as the reference volt- 
age for the CMOS supply buffers are derived from 
one resistor devider. 


Because of the low current capability of the regula- 
tor two buffers are used to supply the CMOS logic 
for every four channels. These voltage followers 
work like a current multiplier at a very low quiescent 
current. A clamping circuit prevents that the CMOS 
breakdown voltage will be reached. 


CURRENT REFERENCE + POWER-ON RESET. 
The two temperature compensated current lines are 
generated directly from the bandgap voltage and 
are switched off by the mode logic to save supply 
current. A third unswitched current line biases the 
input comparators and CMOS buffers. 


During the supply voltage rise the power-on reset 
circuit provides a defined status of all latches in the 
CMOS logic. From a supply voltage of about 4V on 
it enables the whole logic and the device can work. 


PROTECTION CIRCUITS 


ESD-—PROTECTION. Both input comparators (EN- 
ABLE, TRANSFER) are ESD protected and include 
zener diodes that clamp the gates of the internal 
MOSFETs to minimal 15V. Second diodes clamp 
these inputs to V = if the supply voltage is lower than 
0.6V below the zener voltage. 


The eight DATA terminals has the same ESD pro- 
tection structure as the comparator inputs only with 
the difference that the zener diode has a clamping 
voltage of minimal 7V. 


SHORT CURRENT LIMITING. The detailed func- 
tion explanation is given in a former section where 
the output block is described. This kind of protection 
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determines the limits within the safe operating area 
of the used DMOS structure. 


The big chip area and the heat capacity of silicon 
allow for short durations peak currents up to five 
times the maximum DC current that occur under cer- 
tain conditions as expounded above. 

THERMAL SHUTDOWN. Because of the symmetry 
and the big size of the chip two thermal overload 
protection circuits were placed on each side of the 
chip where the output structures are concentrated 


to ensure minimum thermal gradients to the thermal 
sensors. 


At a chip temperature of about 160°C the device is 
switched off. This state is similar to the STANDBY 
MODE. After the temperature remains under ap- 
proximately 135°C the element is switched on. The 
thermal shut-down does not influence any logic be- 
cause it switches only the gates of all output DMOS- 
transistors directly to ground. 
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for ; BUZ11 
Sf A Sar eh a a BUZ11Fl 


N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTORS 


TYPE Cae cTme ls 
BUZ11 50 V 40 
BUZ11Fl_ | 50 V 40 
HIGH SPEED SWITCHING 
VERY LOW ON-LOSSES 


¢ LOW DRIVE ENERGY FOR EASY DRIVE 
¢ HIGH TRANSCONDUCTANCEIC,,. RATIO 


INDUSTRIAL APPLICATIONS: 
AUTOMATIVE POWER ACTUATORS 


N - channel enhancement mode POWER MOS field TO-220 ISOWATT 220 


effect transistors. Easy drive and very fast switch- 
ing times make these POWER MOS transistors 
ideal for high speed switching circuits in applica- 
tions such as power actuator driving, motor drive INTERNAL SCHEMATIC 
including brushless motors, hydraulic actuators and DIAGRAM 

many other uses in automotive applications. They 
also find use in DC/DC converters and uninterrupt- 
ible power supplies. 


ABSOLUTE MAXIMUM RATINGS 


Vos Drain-source voltage (Vgs = 0) 50 V 
VocrR Drain-gate voltage (R¢g =20 KM) 50 V 
Ves Gate-source voltage + 20 V 
lpm Drain current (pulsed) T, = 25°C 120 A 
BUZ 11 BUZ11Fl 
ID" Drain current (continuous) T, =30°C 30 20 A 
Pat Total dissipation at T, <25°C 79 35 Ww 
T stg Storage temperature — 55 to 150 °C 
Tj Max. operating junction temperature 150 °C 
DIN humidity category (DIN 40040) E 
IEC climatic category (DIN IEC 68-1) 55/150/56 


= See note on ISOWATT 220 in this datasheet 
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BUZ11 - BUZ11Fl 


THERMAL DATA® TO-220 | ISOWATT 220 


Rthj- case Thermal resistance junction-case 


thj- amb |hermal resistance junction-ambient 


ELECTRICAL CHARACTERISTICS (T,=25°C unless otherwise specified) 
Proms [Testo [us [a 


OFF 


Vier) DSS Drain-source IDb= 250 pA Ves= 8) V 
breakdown voltage 

loss Zero gate voltage Vps= Max Rating 250 | nA 
drain current (Veg =0) | Vpg= Max Rating Tj= 125°C 1000) pA 

less Gate-body leakage Ves= +20 V +100) nA 
current (Vps = 0) 


Ves (th) Gate threshold Vos = Ves 
voltage 


Rps (on) Static drain-source Ves= 10 V 
on resistance 


DYNAMIC 


g Forward Vps= 25 V Ip= 15A 4 mho 
transconductance 


fs 
C ice Input capacitance 2000} pF 
Coes Output capacitance 1100 
bse Reverse transfer 400 
capacitance 


SWITCHING 


ta (on) Turn-on time 
t, Rise time 


ty (off) Turn-off delay time 
ty Fall time 


Z See note on ISOWATT 220 in this datasheet 
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BUZ11 - BUZ11Fl 


ELECTRICAL CHARACTERISTICS (Continued) 


cone [on i vt 


SOURCE DRAIN DIODE 


Isp Source-drain current 
lspm Source-drain current 
(pulsed) 


Vsp Forward on voltage Isp = 60A 
tr 


Reverse recovery 
time 

Qr Reverse recovered di/dt = 100A/us 
charge 


Safe operating areas Thermal impedance Derating curve 
(standard package) (standard package) (standard package) 
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Output characteristics Transfer characteristics Transconductance 
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BUZ11 - BUZ11Fl 


Static drain-source on Maximum drain current Gate charge vs gate-source 
resistance vs temperature voltage 
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characteristics 
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ISOWATT220 PACKAGE 
CHARACTERISTICS AND APPLICATION. 


ISOWATT220 is fully isolated to 2000V de. Its ther- 
mal impedance, given in the data sheet, is optimi- 
sed to give efficient thermal conduction together 
with excellent electrical isolation. 

The structure of the case ensures optimum distan- 
ces between the pins and heatsink. The 
ISOWATT220 package eliminates the need for ex- 
ternal isolation so reducing fixing hardware. Accu- 
rate moulding techniques used in manufacture 
assure consistent heat spreader-to-heatsink capa- 
citance. 

ISOWATT220 thermal performance is better than 
that of the standard part, mounted with a 0.1mm 
mica washer. The thermally conductive plastic has 
a higher breakdown rating and is less fragile than 
mica or plastic sheets. Power derating for 
ISOWATT220 packages is determined by: 


T, - Ty 
Rth 


from this Ipma, for the POWER MOS can be cal- 
culated: 


Pp 


lpmax< 


Rpgcon) (at 150°C) 


ISOWATT DATA 


Safe operating areas 
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Thermal impedance 


BUZ11 - BUZ11Fl 


THERMAL IMPEDANCE OF 
ISOWATT220 PACKAGE 


Fig. 1 illustrates the elements contributing to the 
thermal resistance of transistor heatsink assembly, 
using ISOWATT220 package. 

The total thermal resistance Rip (or is the sum of 
each of these elements. 

The transient thermal impedance, Z,, for different 
pulse durations can be estimated as follows: 


1 - for a short duration power pulse less than 1ms; 
Zin< Prnu-c 

2 - for an intermediate power pulse of 5ms to 50ms: 
Zth= Rihu-c 


3 - for long power pulses of the order of 500ms or 
greater: 


Zin= Rihsc + Rincus + Rinsamb 


It is often possibile to discern these areas on tran- 
sient thermal impedance curves. 


Fig. 1 
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Ays SRO nees BUZ11A 


N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR 


TYPE | Voss | Rosiom _| 
BUZ11A 0.06 2 


e HIGH CURRENT 

e ULTRA FAST SWITCHING 

e VERY LOW ON-LOSSES 

e LOW DRIVE ENERGY FOR EASY DRIVE 


INDUSTRIAL APPLICATIONS: 
e AUTOMOTIVE POWER ACTUATORS 
e MOTOR CONTROLS 


| bo 


N - channel enhancement mode POWER MOS field 
effect transistor. Easy drive and very fast switching 
times make this POWER MOS transistor ideal for 
high speed switching applications. INTERNAL SCHEMATIC 
Typical uses include power actuator driving, mo- DIAGRAM 

tor drive including brushless motors, hydraulic ac- 
tuators and many other uses in automotive 
applications. It also finds use in DC/DC converters 
and uninteruptible power supplies. 


ABSOLUTE MAXIMUM RATINGS 


Vos Drain-source voltage (Ves = 0) 50 V 
VoarR Drain-gate voltage (Rgs = 20 KQ) 50 V 
Ves Gate-source voltage +20 V 
Ip Drain current (continuous) T,=25°C 25 A 
lom Drain current (pulsed) 100 A 
Prot Total dissipation at T, <25°C 75 W 
T stg Storage temperature —55 to 150 °C 
iF Max. operating junction temperature 150 °C 

DIN humidity category (DIN 40040) E 

IEC climatic category (DIN IEC 68-1) 595/150/56 
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BUZ11A 


THERMAL DATA 


Rthj - case Thermal resistance junction-case 


thj- amb Thermal resistance junction-ambient 


ELECTRICAL CHARACTERISTICS (T,=25°C unless otherwise specified) 


sore [tn [oo [on 


OFF 
Vpr) DSS Drain-source lDb= 250 pA Ves= 0 50 V 
breakdown voltage 
loss Zero gate voltage Vos = Max Rating 250 | nA 
drain current (Veg =0) | Vpg= Max Rating T,= 125°C 1000 | pA 
lass Gate-body leakage Ves= +20 V +100] nA 
current (Vps = 0) 


Ves (th) Gate threshold Vos = Vas 
voltage 


Rpg (on) Static drain-source Ves= 10 V 
on resistance 


DYNAMIC 


Forward Vps= 25 V 
transconductance 


Input capacitance 2000 | pF 
Output capacitance 1100] pF 
Reverse transfer — 400 | pF 
capacitance 


SWITCHING 


ta(on) _‘Turn-on time 
t, Rise time 


tao) ‘: Turn-off delay time 
t Fall time 
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BUZ11A 


ELECTRICAL CHARACTERISTICS (Continued) 


Poems [—_ sows [ta om [on 


SOURCE DRAIN DIODE 


Source-drain current 
Source-drain current 
(pulsed) 


Reverse recovery 
time 
Reverse recovered = di/dt = 100A/ns 


Safe operating areas Thermal impedance Derating curve 
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BUZ11A 


Static drain-source on 
resistance 
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Capacitance variation 
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Source-drain diode forward 
characteristics 
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Maximum drain current 
vs temperature 
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Gate threshold voltage 
vs temperature 
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Gate charge vs gate-source 
voltage 
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Drain-source on resistance 
vs temperature 
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N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR 


| TYPE | Voss_| Rosier) 


e ULTRA FAST SWITCHING 


e LOW DRIVE ENERGY FOR EASY DRIVE 
e COST EFFECTIVE 


INDUSTRIAL APPLICATIONS: 
e AUTOMOTIVE POWER ACTUATORS 
¢ MOTORS CONTROL 
e INVERTERS 


N - channel enhancement mode POWER MOS field 
effect transistor. Easy drive and very fast switch- 
ing times make this POWER MOS transistor ideal 
for high speed switching applications such as pow- INTERNAL SCHEMATIC 
er actuator driving, motor drive including brushless DIAGRAM 

motors, hydraulic actuators and many other uses 
in automotive and automotive and automatic guid- 
ed vehicle applications. It also finds use in DC/DC 
converters and uninteruptable power supplies. 


ABSOLUTE MAXIMUM RATINGS 


Vos Drain-source voltage (Ves = 0) 50 V 
VpcrR Drain-gate voltage (Reg = 20 KQ) 50 V 
Ves Gate-source voltage +20 V 
Ip Drain current (continuous) T,= 25°C 13 A 
lom Drain current (pulsed) 52 A 
Prot Total dissipation at T, <25°C 40 Ww 
T stg Storage temperature — 55 to 150 °C 
iF Max. operating junction temperature 150 °C 
DIN humidity category (DIN 40040) E 
IEC climatic category (DIN IEC 68-1) 55/150/56 
June 1988 1/4 
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BUZ71A 


THERMAL DATA 


Rthj - case !hermal resistance junction-case 


Rthj - amb Thermal resistance junction-ambient 


ELECTRICAL CHARACTERISTICS (T,;=25°C unless otherwise specified) 


econ [a mo 


OFF 


VBR) pss Drain-source IlDb= 250 pA Ves= 0 50 
breakdown voltage 
loss Zero gate voltage Vps= Max Rating 
drain current (Vgg=0) | Vps= Max Rating Tj= 125°C 
lass Gate-body leakage Ves= +20 V 
current (Vps = 0) 


Rps (on) Static drain-source Ves= 10 V 
on resistance 


DYNAMIC 


Cisg Input capacitance 

Coss Output capacitance 

Crss Reverse transfer 
capacitance 


Ves (th) Gate threshold Vos = Ves . 
voltage 


SWITCHING 


Turn-on time 
Rise time 


Turn-off delay time 
Fall time 
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BUZ71A 


ELECTRICAL CHARACTERISTICS (Continued) 


rose [on vt 


SOURCE DRAIN DIODE 


Source-drain current 
Source-drain current 
(pulsed) 


Reverse recovery 
time 
Reverse recovered = di/dt = 100A/ys 


Safe operating areas Thermal impedance 


_GU- AG 10/1 


il 
ee mul 
iim es ait 


zi Fail 


Tease!” C) 


Output characteristics Transfer characteristics Transconductance 
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BUZ71A 


Static drain-source on 
resistance 


GC-0529 
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Capacitance variation 
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Source-drain diode forward 
characteristics 
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Maximum drain current 
vs temperature 
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voltage 
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vs temperature 
GC-0880 


sc eG GO 

( ) 

TE Aedes eed i ele tlc) 
Gn Fe FU a 

fa 


CT ow 
i 
8 
0 


40 80 


05 
-80 -40 120) Ty (°C) 


Gy, SGS-THOMSON ~—_sSIRF 520/F I-521/F 


N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTORS 


TYPE | Voss | Rosin) | to" 
IRF520 100 V 0.27 Q 9.2 
IRF520F1 100 V 0.27 Q 7 
IRF521 80 V 0.27 Q 9.2 
IRF521F 80 V 0.27 Q 7 
IRF522 100 V 0.36 © 8 
IRF522F1 100 V 0.36 Q 6 
IRF523 80 V 0.36 Q 8 
IRF523F 80 V 0.36 2 6 A 

e 80-100 VOLTS - FOR DC/DC CONVERTERS 


HIGH CURRENT 
RATED FOR UNCLAMPED INDUCTIVE ISOWATT220 
SWITCHING (ENERGY TEST) ® 

e ULTRA FAST SWITCHING 

e EASY DRIVE- FOR REDUCED COST AND SIZE 


INDUSTRIAL APPLICATIONS: INTERNAL SCHEMATIC 
UNINTERRUPTIBLE POWER SUPPLIES DIAGRAM 

MOTOR CONTROLS 

N - channel enhancement mode POWER MOS field ef- 
fect transistors. Easy drive and very fast switching times 
make these POWER MOS transistors ideal for high speed 
switching applications. Applications include DC/DC con- 
verters, UPS, battery chargers, secondary regulators, ser- 
vo control, power-audio amplifiers and robotics. 


> P| >>| >> 


> 


ABSOLUTE MAXIMUM RATINGS IRF 
TO-220 520 521 522 523 
ISOWATT220 520FI 521Fl 522Fl 523Fi 
Vos * Drain-source voltage (Veg = 0) 100 80 100 80 V 
Vocr ~  Drain-gate voltage (Reg = 20 KQ) 100 80 100 80 V 
Gs Gate-source voltage +20 V 
lpm (¢) Drain current (pulsed) 37 37 32 32 A 
520 521 522 523 
Ip Drain current (cont.) at T,= 25°C 9.2 9.2 8 8 A 
Ip Drain current (cont.) at T,= 100°C 6.5 6.5 5.6 5.6 A 
520Fl 521Fl 522Fl 523Fi 
Ip" Drain current (cont.) at T,= 25°C 7 7 6 6 A 
ID" Drain current (cont.) at T,= 100°C 4 4 3.5 3.5 A 
TO-220 ISOWATT220 
Pies Total dissipation at T, <25°C 60 30 W 
7 Derating factor 0.48 0.24 W/°C 
T stg Storage temperature — 55 to 150 °C 
Max. operating junction temperature 150 °C 
* T= 25°C to 125°C 
(e) Repetitive Rating: Pulse width limited by max junction temperature. 
= See note on ISOWATT220 on this datasheet. 
* Introduced in 1988 week 44 
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IRF 520/Fl - 521/Fl - 522/Fl - 523/FI 


THERMAL DATA® TO-220 | ISOWATT220 


Rihj - case [Thermal resistance junction-case 
Rines  Phermal resistance case-sink typ 
Rinj-amb Thermal resistance junction-ambient max 80 °C/W 
Maximum lead temperature for soldering purpose 300 °C 


ELECTRICAL CHARACTERISTICS (T,.,,= 25°C unless otherwise specified) 
[Paras | Taare [oe 


OFF 


VBR) DSS Drain-Source lp= 250 pA Ves 
breakdown voltage for IRF520/522/520F1/522FI 
for IRF521/523/521F1/523FI 


Zero gate voltage 
drain current (Ves 


Gate-body leakage Ves= +20 V 
current (Vps = 0) 


ON ne 


ID(on) On-state drain current | Vps> !p (ony * Rpson) max Vas= 10 V 
for IRF520/521/520F1/521Fl 
for IRF521/523/521F1/523FI 


Rpg (on) Static drain-source Ves= 10 V 
on resistance for IRF520/521/520F1/521FI 
for IRF522/523/522F1/523Fl 


ENERGY TEST 


luis Unclamped inductive | Vpjp= 30 V 
switching current starting T;= 25°C 
(single pulse) for IRF520/521/520F1/521Fl 
for IRF522/523/522F1/523FI 


DYNAMIC 


Qi; “" Forward Vps> !p Jon) x Ros (on) max 
transconductance Ip= 5.6 


Input capacitance 


Output capacitance 
Reverse transfer 
Capacitance 
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IRF 520/Fl - 521/Fi - 522/Fi - 523/FI 


ELECTRICAL CHARACTERISTICS (Continued) 


rato [on eo 


SWITCHING 


Ks (on) Turn-on time Vop= 40 V IDb= 4.0 A 


‘ Rise time R;= 50 Q 
tuo)  Lurn-off delay time (see test circuit) 
ty Fail time 


Q, Total Gate Charge Ves =15 V 
Vps= Max Rating x 0. 8 
(see test circuit) 


SOURCE DRAIN DIODE 


| Source-drain current 
Ispm (°) Source-drain current 
(pulsed) 


Vsp** Forward on voltage Isp= 9.2A Ves= 0 


Reverse recovery T;= 150°C 

time 

Reverse recovered Isp = 9.2A di/dt = 100 A/lus 
charge 


** Pulsed: Pulse duration < 300 ys, duty cycle < 1.2% 
(°) Repetitive Rating: Pulse width limited by max junction temperature 
™ See note on ISOWATT220 in this datasheet 


Safe operating areas Thermal impedance Derating curve 
(standard package) (standard package) (standard package) 
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IRF 520/FI - 521/Fi 


- - 522/Fl - 523/Fl 


Output characteristics 
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Output characteristics 
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Transfer characteristics 
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Maximum drain current vs 
temperature 
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Unclamped inductive test circuit 
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Source-drain diode forward 
characteristics 
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IRF 520/Fl - 521/Fl - 522/Fl - 523/FI 


ISOWATT220 PACKAGE 
CHARACTERISTICS AND APPLICATION. 


ISOWATT220 is fully isolated to 2000V dc. Its ther- 
mal impedance, given in the data sheet, is optimi- 
sed to give efficient thermal conduction together 
with excellent electrical isolation. 

The structure of the case ensures optimum distan- 
ces between the pins and heatsink. The 
ISOWATT220 package eliminates the need for ex- 
ternal isolation so reducing fixing hardware. Accu- 
rate moulding techniques used in manufacture 
assure consistent heat spreader-to-heatsink capa- 
citance. 

ISOWATT220 thermal performance is better than 
that of the standard part, mounted with a 0.1mm 
mica washer. The thermally conductive plastic has 
a higher breakdown rating and is less fragile than 
mica or plastic sheets. Power derating for 
ISOWATT220 packages is determined by: 


T, - T, 
Rth 


from this Ipmax for the POWER MOS can be cal- 
culated: 


Pp 


lpmax< 


Rpsion) (at 150°C) 
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THERMAL IMPEDANCE OF 
ISOWATT220 PACKAGE 


Fig. 1 illustrates the elements contributing to the 
thermal resistance of transistor heatsink assembly, 
using ISOWATT220 package. 

The total thermal resistance Rip gov iS the sum of 
each of these elements. 

The transient thermal impedance, Z,, for different 
pulse durations can be estimated as follows: 


1 - for a short duration power pulse less than ims; 
Zin< Rthu-c 


2 - for an intermediate power pulse of 5ms to 50ms: 
Zin= Rthu-c 


3 - for long power pulses of the order of 500ms or 
greater: 


Zn= Riny-c + Rincus + Rihys-amb 


It is often possibile to discern these areas on tran- 
sient thermal impedance curves. 


Fig. 1 
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Gj, SGS-THOMSON SIRF 530/F-531/FI 
SF, WICROELECTRONICS IRF 532/F1-533/Fl 


N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTORS 


PRELIMINARY DATA 


TYPE | Voss | Rosin | 'o* 
IRF530. | 100V | O.162 | 14A 
IRFS30FI_ | 100V | 0.169 9A 


IRF531 80 V 0.16 Q 14 A 
IRF531Fl 80 V 0.16 Q 9A 
IRF532 100 V 0.23 Q 12A 
IRF532F I 100 V 0.23 Q 8A 
IRF533 80 V 0.23 Q 12 A 
IRF533F1 80 V 0.23 Q 8A 


80-100 VOLTS - FOR DC/DC CONVERTERS 
HIGH CURRENT 

ULTRA FAST SWITCHING ISOWATT220 
EASY DRIVE- FOR REDUCED COST AND SIZE 


INDUSTRIAL APPLICATIONS: 
e UNINTERRUPTIBLE POWER SUPPLIES 
e MOTOR CONTROLS INTERNAL SCHEMATIC 


N - channel enhancement mode POWER MOS field DIAGRAM 
effect transistors. Easy drive and very fast switch- 
ing times make these POWER MOS transistors 
ideal for high speed switching applications. Appli- 
cations include DC/DC converters, UPS, battery 
chargers, secondary regulators, servo control, 
power-audio amplifiers and robotics. 


~ Se 
SN ~~ 
=) 


ABSOLUTE MAXIMUM RATINGS IRF 
TO-220 530 531 532 533 
ISOWATT220 530Fl 531FIl 532FIl 533Fi 
Vos * Drain-source voltage (Ves =0) 100 80 100 80 V 
Vpocr *  Drain-gate voltage (Reg = 20 KQ) 100 80 100 80 V 
Ves Gate-source voltage + 20 V 
Ipy (*) Drain current (pulsed) 56 56 48 48 A 
lpbeM Drain inductive current, clamped (L= 100 pH) 56 56 48 48 A 
530 531 532 533 
Ip Drain current (cont.) atT,= 25°C 14 14 12 12 A 
ID Drain current (cont.) at T,= 100°C 9 9 8 8 A 
S30FI 531FIl 532Fl 533Fi 
ID" Drain current (cont.) at T,= 25°C 9 9 8 8 A 
Ip” Drain current (cont.) at T,= 100°C 5.5 5.5 5 5 A 
TO-220 ISOWATT220 
Piste Total dissipation at T, <25°C 79 35 Ww 
7 Derating factor 0.63 0.28 W/°C 
T stg Storage temperature —55 to 150 °C 
Max. operating junction temperature 150 °C 
* T,= 25°C to 125°C 
(e) Repetitive Rating: Pulse width limited by max junction temperature. 
= See note on ISOWATT220 on this datasheet. 
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205 


IRF 530/Fl - 531/Fl - 532/Fl - 533/FI 


THERMAL DATA#® TO-220 | ISOWATT220 


Rthj - case [Thermal resistance junction-case 
Thermal resistance case-sink 

» thermal resistance junction-ambient max 80 °C/W 

Maximum lead temperature for soldering purpose 300 °C 


the-s 
Rehj-am 
| 


ELECTRICAL CHARACTERISTICS (T,,,.= 25°C unless otherwise specified) 


cone [on [om vt 


OFF 


Vier) pss Drain-source 
breakdown voltage 


ID= 250 pA Ves= 0 
for IRF530/532/530F1/532FI 
for IRF531/533/531F1/533FI 


loss Zero gate voltage Vps= Max Rating 

drain current (Vgg=0) | Vpg= Max Rating x 0.8 T,= 125°C 
lass Gate-body leakage Veg= +20 V 

current (Vps = 0) 


ON x* 


Ves (th) Gate threshold voltage) Vps= Ves Ip= 250 pA 


Ip(on) On-state drain current Vpos> Ib (on) x Rpscon) max Ves = 10 V 
for IRF530/531/530F1/531Fi 
for IRF532/533/532F1/533FI 


for IRF530/531/530F1/531Fl 
for IRF532/533/532F1/533Fl 


Ros (on) Static drain-source 
on resistance 


DYNAMIC 


g Forward Vps> D fon) x Ros (on) max 
transconductance Ip= 8.3 


fs - 
Cig Input capacitance 
Gack Output capacitance 
ome Reverse transfer 
Capacitance 


SWITCHING 


Turn-on time 

Rise time 

Turn-off delay time 
Fall time 


Total Gate Charge 


Vps= Max Rating x 0.8 
(see test circuit) 


2/3 = 
$499, irSonttovmones 
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ELECTRICAL CHARACTERISTICS (Continued) 


IRF 530/FI - 531/Fl - 532/Fl - 533/Fl 


rs oe eo 


SOURCE DRAIN DIODE 


Isp Source-drain current 
Ispm (°) Source-drain current 
(pulsed) 


Vsp"* Forward on voltage Isp= 14A 


Reverse recovery T;= 150°C 
time 

Reverse recovered 
Charge 


Isp = 14 A 


** Pulsed: Pulse duration < 300 ps, duty cycle < 2% 


di/dt = 100 Alus 


(°) Repetitive Rating: Pulse width limited by max junction temperature 


™ See note on ISOWATT220 in this datasheet 


ISOWATT220 PACKAGE 
CHARACTERISTICS AND APPLICATION. 


ISOWATT220 is fully isolated to 2000V dc. Its ther- 
mal impedance, given in the data sheet, is optimi- 
sed to give efficient thermal conduction together 
with excellent electrical isolation. 

The structure of the case ensures optimum distan- 
ces between the pins and heatsink. The 
ISOWATT220 package eliminates the need for ex- 
ternal isolation so reducing fixing hardware. Accu- 
rate moulding techniques used in manufacture 
assure consistent heat spreader-to-heatsink capa- 
citance. 

ISOWATT220 thermal performance is better than 
that of the standard part, mounted with a 0.1mm 
mica washer. The thermally conductive plastic has 
a higher breakdown rating and is less fragile than 
mica or plastic sheets. Power derating for 
ISOWATT220 packages is determined by: 


=k 
Rth 


from this Ipjpax for the POWER MOS can be cal- 


THERMAL IMPEDANCE OF 
ISOWATT220 PACKAGE 


Fig. 1 illustrates the elements contributing to the 
thermal resistance of transistor heatsink assembly, 
using ISOWATT220 package. 

The total thermal resistance Rip (oy is the sum of 
each of these elements. 

The transient thermal impedance, Z,, for different 
pulse durations can be estimated as follows: 


1 - for a short duration power pulse less than 1ms; 
Zth< Riny-c 

2 - for an intermediate power pulse of 5ms to 50ms: 
Z2tn= Rth-c 


3 - for long power pulses of the order of 500ms or 
greater: 


Zn= Rihuc + Rincus + Rinys-amb 


It is often possibile to discern these areas on tran- 
sient thermal impedance curves. 


culated: Fig. 1 
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Gy, SGS-THOMSON SIRF 540/F'-541/FI 
SF, WWICROELECTRONICS IRF 542/FI-543/Fl 


N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTORS 


TYPE | Voss_| Rosen) | to * 
IRF540 100 V 0.077 Q 28 A 
IRF540F1 100 V 0.077 Q 15A 
IRF541 80 V 0.077 Q 28 A 
IRF541Fl 80 V 0.077 Q 15A 
IRF542 100 V 0.100 Q 25 A 
IRF542F | 100 V 0.100 0 14A 
IRF543 80 V 0.100 2 25 A 
IRF543FI 80 V 0.100 2 14A 


e 80-100 VOLTS - FOR DC/DC CONVERTERS 
¢ HIGH CURRENT 

¢ ULTRA FAST SWITCHING ISOWATT220 
e EASY DRIVE- FOR REDUCED COST AND SIZE 


INDUSTRIAL APPLICATIONS: 
e UNINTERRUPTIBLE POWER SUPPLIES 
¢ MOTOR CONTROLS INTERNAL SCHEMATIC 


N - channel enhancement mode POWER MOS field DIAGRAM 
effect transistors. Easy drive and very fast switch- 
ing times make these POWER MOS transistors 
ideal for high speed switching applications. Appli- 
cations include DC/DC converters, UPS, battery 
chargers, secondary regulators, servo control, 
power-audio amplifiers and robotics. 


ABSOLUTE MAXIMUM RATINGS IRF 
TO-220 540 541 542 543 
ISOWATT220 540Fl 541Fl 542Fl 543FI 
Vps * Drain-source voltage (Vgs = 0) 100 80 100 80 V 
Vpocr ~  Drain-gate voltage (Reg = 20 KQ) 100 80 100 80 V 
Ves Gate-source voltage +20 V 
lom (¢) Drain current (pulsed) 110 110 100 100 A 
loum Drain inductive current, clamped (L= 100 pH) 110 110 100 100 A 
540 541 542 543 
Ip Drain current (cont.) at T,= 25°C 28 28 25 25 A 
lb Drain current (cont.) at ar = 100°C 20 20 17 17 A 
540Fl 541Fl 542Fl 543Fi 
ID Drain current (cont.) at T,= 25°C 15 15 14 14 A 
Ip" Drain current (cont.) a at T. = 100°C ) ] 8 8 A 
TO-220 ISOWATT220 
Proen Total dissipation at T, <25°C 125 40 W 
. Derating factor 1 0.32 W/°C 
T stg Storage temperature —§5 to 150 °C 
a Max. operating junction temperature 150 °C 
* T,= 25°C to 125°C 
(e) Repetitive Rating: Pulse width limited by max junction temperature. 
= See note on ISOWATT220 on this datasheet. 
June 1988 1/6 


209 


IRF 540/Fl - 541/Fl - 542/Fi - 543/Fl 


THERMAL DATA® TO-220 | ISOWATT220 


Rthj - case Thermal resistance junction-case 
the-s Thermal resistance case-sink 


Rinj-amb Thermal resistance junction-ambient 
Maximum lead temperature for soldering purpose 


ELECTRICAL CHARACTERISTICS (T,,,.= 25°C unless otherwise specified) 


eon [ms mo 


OFF 


Vier) pss Drain-source 
breakdown voltage 


IDp= 250 pA Vaes= 0 
for IRF540/542/540F1/542Fi 
for IRF541/543/541F1/543Fl 


V 

V 

loss Zero gate voltage Vps= Max Rating 250 | pA 

drain current (Vag =0) | Vpg= Max Rating x 0.8 T,= 125°C 1000} nA 

less Gate-body leakage Vesg= +20 V +500] nA 
current (Vps = 0) 


ON n* 


ID(on) On-state drain current | Vpsg> Ip (ony X Rosion) max Vas=10 V 
for IRF540/541/540F1/541FI 
for IRF542/543/542F1/543FI 


Ros (on) Static drain-source Ves= 10 V Ip= 17A 
on resistance for IRF540/541/540F1/541FI 
for IRF542/543/542F1/543FI 


DYNAMIC 


Ciss Input capacitance 
oss Output capacitance 
Gree Reverse transfer 
Capacitance 


SWITCHING 


Turn-on time Vop= 30 V 

Rise time R,= 4.70 

Turn-off delay time (see test circuit) 
Fall time 


Total Gate Charge Veg=10 V lpb= 
Vps= Max Rating x 0.8 
(see test circuit) 
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IRF 540/Fl - 541/Fl - 542/Fl - 543/F 


ELECTRICAL CHARACTERISTICS (Continued) 


ec) 


SOURCE DRAIN DIODE 


Isp Source-drain current 28 A 
Isom (°) Source-drain current 110 | A 
(pulsed) 


Vsp** Forward on voltage Isp = 28A Ves= 0 Pf fas} ov 
00 ns 


Reverse recovery Tj= 150°C 5 

time 

Reverse recovered Isp = 28 A di/dt = 100 A/us 2.9 ne; 
charge 


** Pulsed: Pulse duration < 300 ps, duty cycle < 1.5% 
(*) Repetitive Rating: Pulse \ width limited by max junction temperature 
™ See note on ISOWATT220 in this datasheet 


Safe operating areas Thermal impedance Derating curve 
(standard package) (standard package) (standard package) 
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Output characteristics Output characteristics Transfer characteristics 
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IRF 540/FI - 541/Fl - 542/Fl - 543/Fl 


Transconductance 
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vs temperature 
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Capacitance variation 
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Source-drain diode forward 
characteristics 
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Maximum drain current vs 
temperature 


25 50 75 100 125 Te(°C) 


Normalized breakdown 
voltage vs temperature 


GU-1587/1 


IRF 540/Fl - 541/Fl - 542/FI - 543/FI 


Clamped inductive test circuit Clamped inductive waveforms 


VARY 'P TO OBTAIN 


Ey 
Vgg210V 
tb 
E,=0.5 BVpss 
Ec=0.75 BVpss 
SC-0243 
SC-0242 
Switching times test circuit Gate charge test circuit 
O Von 
ADJUST R, 
PULSE R. TO OBTAIN 
GENERATOR y SPECIFIED |p 
plenctenerenscnen es = 
SC-0246 CURRENT CURRENT 
SAMPLING SAMPLING 
RESISTOR RESISTOR 
SC-0244 
(7 SGS-THOMSON 5/6 
SF. MICROELECTRONICS 
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IRF 540/Fl - 541/Fl - 542/Fl - 543/Fl 


ISOWATT220 PACKAGE 
CHARACTERISTICS AND APPLICATION. 


ISOWATT220 is fully isolated to 2000V dc. Its ther- 
mal impedance, given in the data sheet, is optimi- 
sed to give efficient thermal conduction together 
with excellent electrical isolation. 

The structure of the case ensures optimum distan- 
ces between the pins and heatsink. The 
ISOWATT220 package eliminates the need for ex- 
ternal isolation so reducing fixing hardware. Accu- 
rate moulding techniques used in manufacture 
assure consistent heat spreader-to-heatsink capa- 
citance. 

ISOWATT220 thermal performance is better than 
that of the standard part, mounted with a 0.1mm 
mica washer. The thermally conductive plastic has 
a higher breakdown rating and is less fragile than 
mica or plastic sheets. Power derating for 
ISOWATT220 packages is determined by: 


Toe 
Rth 


from this Ipma, for the POWER MOS can be cal- 
culated: 


Pp 
lpmax< R 
DS(on) (at 150°C) 


ISOWATT DATA 


THERMAL IMPEDANCE OF 
ISOWATT220 PACKAGE 


Fig. 1 illustrates the elements contributing to the 
thermal resistance of transistor heatsink assembly, 
using ISOWATT220 package. 

The total thermal resistance Rip go iS the sum of 
each of these elements. 

The transient thermal impedance, Z,, for different 
pulse durations can be estimated as follows: 


1 - for a short duration power pulse less than 1ms; 
Zth< Rthu-c 


2 - for an intermediate power pulse of 5ms to 50ms: 
Zn= R 


3 - for long power pulses of the order of 500ms or 
greater: 


thJ-C 


Zin= Rin-c + Ritnous + Rthus-amb 


It is often possibile to discern these areas on tran- 
sient thermal impedance curves. 


Fig. 1 
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N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTORS 


| TYPE | Voss _| Rosier) | to 


¢ VERY LOW Ros con) 
¢ LOW DRIVE ENERGY FOR EASY DRIVE 
e HIGH TRANSCONDUCTANCE /C,,, RATIO 


INDUSTRIAL APPLICATIONS: 
e AUTOMOTIVE POWER ACTUATORS 
¢ MOTOR CONTROLS 
e INVERTERS 


N - channel enhancement mode POWER MOS field 
effect transistors. Easy drive and very fast switch- 
ing times make these POWER MOS transistors 
ideal for high speed switching circuits applications 
such as power actuators driving, motor drive includ- 
ing brushless motor, hydraulic actuators and many 
other in automotive and automatic guided vehicle 
applications. They also find use DC/DC convert- 
ers and uninterruptible power supplies 


INTERNAL SCHEMATIC 
DIAGRAM 


ABSOLUTE MAXIMUM RATINGS IRFZ40 IRFZ42 
Vos * Drain-source voltage (Ves = 0) 50 V 
Voce * _ Drain-gate voltage (Reg = 20 KQ) 50 V 
Ves Gate-source voltage +20 V 
Ip Drain current (cont.) at T,=25°C 35 35 A 
Ip Drain current (cont.) at T, = 100°C 32 29 A 
lom(*) Drain current (pulsed) 160 145 A 
lo”m Drain inductive current, clamped (L= 100 pH) 160 145 A 
Prot Total dissipation at T, <25°C 125 Ww 
Derating factor 1.2 W/°C 
T stg Storage temperature —55 to 150 °C 
Tj Max. operating junction temperature 150 °C 
* T;= 25°C to 125°C 
(°) Repetitive Rating: Pulse width limited by max junction temperature 
June 1988 1/5 


215 


IRFZ40 - IRFZ42 


THERMAL DATA 


Rihj - case [Thermal resistance junction-case 


thes  |hermal resistance case-sink 
Rthj-amb Thermal resistance junction-ambient 
T, Maximum lead temperature for soldering purpose 


ELECTRICAL CHARACTERISTICS (T,,,..=25°C unless otherwise specified) 


re cntirn [tn [Jus vt 


Ver) pss Drain source lIpb= 250 pA Ves= 0 50 V 
breakdown voltage 

loss Zero gate voltage Vps= Max Rating 250 | nA 
drain current (Vgg=0) | Vpgs= Max Rating x 0.8 T,= 125°C 1000} nA 

lass Gate-body leakage Ves = +20 V +500] nA 
current (Vps = 0) 

ON k* 

Ves (th) Gate threshold Vos = Ves ID= 250 pA 2 4 V 
voltage 

ID(on) On-state drain Vos> ID (on) x Rpsion) max Ves =10V 35 A 
current 


Rps (on) Static drain-source Ves= 10 V 
on resistance for IRFZ40 
for IRFZ42 


a 
7 
7 


DYNAMIC 


Forward ps*, 9° (or x Ros (on) max 17 mho 
transconductance Ip = 


Cig Input capacitance 
Case Output capacitance 
Cres Reverse transfer 

capacitance 


SWITCHING 


Turn-on time Vop= 25 V Ip= 29A 
Rise time Z,= 4.70 

Turn-off delay time (see test circuit) 

Fall time 


Total gate charge Ves= 10 V 
Vps= Max Rating x 0.8 
(see test circuit) 
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IRFZ40 - IRF2Z42 


ELECTRICAL CHARACTERISTICS (Continued) 


Poumon | eens [on | 


SOURCE DRAIN DIODE 


Isp Source-drain current 
Isp (°) Source-drain current 
(pulsed) 


Me ait 
for IRFZ42 


Reverse recovery T;= 150°C 

time 

Reverse recovered Isp= 51A di/dt = 100 Alus 
charge 


** Pulsed: Pulse duration < 300 ps, duty cycle < 1.5% 
(°) Repetitive Rating: Pulse width limited by max junction temperature 


Safe operating areas Thermal impedance Derating curve 
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Output characteristics Output characteristics Transfer characteristics 
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IRFZ40 - IRF2Z42 


Transconductance Static drain-source on 


resistance 


GU-1471/1 


| _ Vos 7! ton)* Ros (on) max 


0 
0 120. Ip fA) 0 


25 = =50 


Gate charge vs gate-source 
voltage 


Capacitance variation 
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Normalized on resistance 
vs temperature 
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Source-drain diode forward 
characteristics 
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Maximum drain current vs 
temperature 
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Normalized breakdown 
voltage vs temperature 
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IRFZ40 - IRFZ42 


Clamped inductive test circuit Clamped inductive waveforms 


VARY t, TO OBTAIN 
REQUIRED PEAK } 


DUT E 
Vgs=10V 
th 
E,=0.5 BVpss 
£¢=0.75 BVpss 
SC-0243 
Switching times test circuit Gate charge test circuit 
@ Vop 
ADJUST R, 
PULSE R, TO OBTAIN 
GENERATOR : SPECIFIED |p 
prensttovavssenereeeg Be # 
: OS 
: DUT 
: 
SC-0246 CURRENT CURRENT 
SAMPLING SAMPLING 
RESISTOR RESISTOR 
SC-0244 
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wa SGS-THOMSON MTP3055A 
7, MICROELECTROMICS MTP3055AFI 


N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTORS 


TYPE | Voss | Rosin | lo" 
MTP3055A | 60V | 0150 | 12A 
MTP3055AFI{ 60V | 0152 | 10A 
* ULTRAFAST SWITCHING - UP TO > 100KHz 


e LOW DRIVE ENERGY FOR EASY DRIVE 
REDUCES SIZE AND COST 


INTEGRAL SOURCE - DRAIN DIODE 


INDUSTRIAL APPLICATIONS: 
e GENERAL PURPOSE SWITCH 
e SERIES REGULATOR 


TO-220 ISOWATT220 


N - channel enhancement mode POWER MOS field 
effect transistors. Easy drive and very fast times 
make these POWER MOS transistors ideal for high 
speed switching circuit in applications such as po- INTERNAL SCHEMATIC 
wer actuator driving, motor drive including bru- DIAGRAM 

shless motors, robotics, actuators lamp driving, 
series regulator and many other uses in industrial 
control applications. They also find use in DC/DC 
converters and uninterruptible power supplies. 


ABSOLUTE MAXIMUM RATINGS 


TO-220 MTP3055A 
ISOWATT220 MTP3055AFI 
Vps Drain-source voltage (Ves = 0) 60 V 
VocR Drain-gate voltage (Res = 20 KQ) 60 V 
Ves Gate-source voltage +20 V 
lom Drain current (pulsed) 26 A 
lem Gate current (pulsed) 1.5 A 
TO-220 ISOWATT220 

ID™ Drain current (continuous) 12 10 A 
Pict Total dissipation at T, <25°C 40 30 W 

7 Derating factor 0.32 0.24 WI/°C 
T stg Storage temperature — 65 to 150 °C 
T; Max. operating junction temperature 150 °C 
™ See note on ISOWATT220 in this datasheet 
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MTP3055A - MTP3055AFI 


THERMAL DATA ® TO-220 | ISOWATT220 


Rthj - case Thermal resistance junction-case max 3.12 | 4.16 


T; Maximum lead temperature for soldering purpose max 275 


ELECTRICAL CHARACTERISTICS (T,.,.=25°C unless otherwise specified) 


one [on [ms] 


Viar) pss Drain-source Ip= 250 pA 
breakdown voltage 


loss Zero gate voltage Vps= Max Rating 
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T,= 125°C 


less Gate-body leakage 
current (Vps = 0) 


ON * 


Ves (th) Gate threshold Vos = Ves Ib = I1mA 2 4.5 V 
voltage Vos = Ves Ip = 1 mA Te => 1 00°C 1 a 4 V 
Q 


Rps (on) Static drain-source Ves= 10V Ibp=6A 
on resistance 


Vos (on) Drain-source on Ves= 10V Ip= 12A 
voltage Vegs= 10V Ip= 6A 
Ves= 10V Ip= 6A T,= 100°C 


DYNAMIC 


Forward Vps= 10V Ip=6A 
transconductance 


Ciss Input capacitance 
Goss Output capacitance 
bead Reverse transfer 

capacitance 


Total gate charge Vos= 48 V Ip= 12A 
Ves= 10 V 


SWITCHING 


ty (on) Turn-on time Vop= 25V Ip=6A 
t, Rise time Rgen= 90 2 


ta of) _Turn-off delay time 
t; Fall time 


2/6 ‘ 
Fe IST Steet tatiana 
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MTP3055A - MTP3055AFI 


ELECTRICAL CHARACTERISTICS (Continued) 


aon [on Je] 


SOURCE DRAIN DIODE 


Forward on voltage Isp= 12A 


Reverse recovery 
time 


* 


Pulsed: Pulse duration < 300 ys, duty cycle < 2% 
- ™ See note on ISOWATT220 in this datasheet 


Safe operating areas Thermal impedance Derating curve 
(standard package) (standard package) (standard package) 
aU - 21426 GU-1600 
Ip tA) SS sit : Por eT oe Pict | 
cena a Ga aS a 
Hine << soe) | | 
ati a ial L A az 
See Ne | ! SE AT | oe - 
al pee teeta 
co 34 nes HH 
Shi " AS 
FA a iis 
| || 
Fe Ht lI 


gt 


1071 2 4s *490 2 Ao 68 101 ? Vp v) 403 40* 1073 1072 107 100 0 S0 100 Tease (°C) 


Output characteristics Transfer characteristics Transconductance 
tA) “70 Gt-0559 eneeeenrereees 22 
10V Lf PVs" |, | ale ae 
aly | (aa an 
/(400nnne H a 
[n/n al sa 
apenencee == 7 ea 
ai 
7 20==Seene aa Cees 
es ee Tele ott sl Pa 
t Vos > Inton*Rostonimax 
fi 
> 
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MTP3055A - MTP3055AFI 


Static drain-source on 
resistance 


GC-0529 


Roston) 
(N) 


0 10 20 30 40 


50 IpfAl 


Normalized gate threshold 
voltage vs temperature 


GC-055z/1 
Vosith) 
{norm) 
lil Medi easel al oil edad 
Cort esl 4 


Source-drain diode forward 
characteristics 


Ip (A) 


10' 


4 VsplV) 


Gate charge vs gate-source 
voltage 


GC-0619 


VeslV) 


Normalized breakdown 
voltage vs temperature 


GU-1447/1 


eee) Wel ea 


LY7, Beecu ne rooncs 


Capacitance variation 


GC-0535 


HE SSE 


a EEE HEE EEE 
CAS EEE 
PEPSI 
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Es 
a | 
Et 


0 S 10 15 20 25 30 35 Vps{V) 


Normalized on resistance vs 
temperature 


GU-1648/1 
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MTP3055A - MTP3055AFI 


Switching times test circuit for resistive load Switching time waveforms for resistive load 


+-—+——-+- 
ty(on) tr S-6059 td(ott) tf 
Pulse width < 100 ps SC-0008/1 
Duty cycle < 2% 


Gate charge test circuit Body-drain diode t,, measurement 
Jedec test circuit 


VARIAC 


MAINS 
INPUT son 


ING723 


$- 6916 


SC-0305 


PW adjusted to obtain required Ve 
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MTP3055A - MTP3055AFI 


ISOWATT220 PACKAGE 
CHARACTERISTICS AND APPLICATION. 


ISOWATT220 is fully isolated to 2000V dc. Its ther- 
mal impedance, given in the data sheet, is optimi- 
sed to give efficient thermal conduction together 
with excellent electrical isolation. 

The structure of the case ensures optimum distan- 
ces between the pins and heatsink. The 
ISOWATT220 package eliminates the need for ex- 
ternal isolation so reducing fixing hardware. Accu- 
rate moulding techniques used in manufacture 
assure consistent heat spreader-to-heatsink capa- 
citance. 

ISOWATT220 thermal performance is better than 
that of the standard part, mounted with a 0.1mm 
mica washer. The thermally conductive plastic has 
a higher breakdown rating and is less fragile than 
mica or plastic sheets. Power derating for 
ISOWATT220 packages is determined by: 


ae 
Rth 


from this Ipbmax for the POWER MOS can be cal- 
culated: 


Pp 
lpmax< R 
DS(on) (at 150°C) 


ISOWATT DATA 


Safe operating areas 


IN 
4 1%y 
HE is SH ps 
10ms 
ee SHEN 
4 —t+ 1 


6/6 br 


Thermal impedance 


al 
oH ings ee 


THERMAL IMPEDANCE OF 
ISOWATT220 PACKAGE 


Fig. 1 illustrates the elements contributing to the 
thermal resistance of transistor heatsink assembly, 
using ISOWATT220 package. 

The total thermal resistance Pip (tot) iS the Sum of 
each of these elements. 

The transient thermal impedance, Z,, for different 
pulse durations can be estimated as follows: 


1 - for a short duration power pulse less than ims; 
Z2tnh< Riny-c 

2 - for an intermediate power pulse of 5ms to 50ms: 
Z2th= Finu-c 


3 - for long power pulses of the order of 500ms or 
greater: 


Zn= Rin-c + Rinons + Rihts-amb 


It is often possibile to discern these areas on tran- 
sient thermal impedance curves. 


Fig. 1 


Rtns-c Rinc-Hs Rths-amb 
A/V — NWA AN 


Derating curve 
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SGS-THOMSON 
MICROELECTRONICS 


Ay/ sata a atde SGSP201 


N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR 


TYPE | Voss_| Rosin | to 


e HIGH SPEED SWITCHING APPLICATIONS 
ULTRA FAST SWITCHING 
EASY DRIVE FOR REDUCED COST AND SIZE 


INDUSTRIAL APPLICATIONS: 
e GENERAL PURPOSE SWITCHING 


N - channel enhancement mode POWER MOS field 
effect transistor. Easy drive and very fast switching OPTION 
times make this POWER MOS transistor ideal for SOT-194 
high speed switching applications. Typical appli- 
cations include general purpose low voltage swit- 
ching, solenoid driving, motor and lamp control, INTERNAL SCHEMATIC 
switching power supplies, and driving, bipolar po- DIAGRAM 

wer switching transistors. 


ABSOLUTE MAXIMUM RATINGS 


Vos Drain-source voltage (Veg =0) 100 V 
VocrR Drain-gate voltage (Reg = 20 KQ) 100 V 
Ves Gate-source voltage +20 V 
Ip Drain current (cont.) at T,=25°C 2.0 A 
Ip Drain current (cont.) at T,= 100°C 1.2 A 
lom (°) Drain current (pulsed) 6 A 
lotm (°) Drain inductive current, clamped 6 A 
Prot Total dissipation at T, <25°C 18 W 
Derating factor 0.144 W/°C 
T stg Storage temperature —65 to 150 °C 
Tj Max. operating junction temperature 150 °C 
(°) Pulse width limited by safe operating area 
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SGSP201 


THERMAL DATA 


Rthj- case Thermal resistance junction-case max 6.95 °C/W 
Maximum lead temperature for soldering purpose 275 °C 


L 


ELECTRICAL CHARACTERISTICS (T,,,.=25°C unless otherwise specified) 


Parameters 


VBR) DSS 


Vas (th) 


Ros (on) 


DYNAMIC 


Gis 


Ciss 
Coss 


rss 


Drain-source 
breakdown voltage 


Zero gate voltage 
drain current (Ves 


Gate-body leakage 
current (Vps = 0) 


Gate threshold 
voltage 


Static drain-source 
on resistance 


Forward 
transconductance 


Input capacitance 
Output capacitance 
Reverse transfer 
capacitance 


SWITCHING 


Turn-on time 
Rise time 


Turn-off delay time 
Fall time 


jtiano [a oe 


Vop = 50 V IlDp= 1.2A 
Vi= 10 V Ri= 4.7 0 
(see test circuit) 


SGS-THOMSON 
TF. MICROELECTRONICS 


SGSP201 


ELECTRICAL CHARACTERISTICS (Continued) 


cane [on a 


SOURCE DRAIN DIODE 


Isp Source-drain current 
Ispm (°) Source-drain current 
(pulsed) 


Forward on voltage Isp= 2.0A 


Reverse recovery 
time 


Isp = 2.0 A 
di/dt = 25 Alus 


Pylsed: Pulse duration = 300 ys, duty cycle 1.5% 
Pulse width limited by safe operating area 


Vas= 0 


(*) 
(*) 


Safe operating areas Thermal impedance 


lb (A) — Ee Re a (ES 
a ae ee eel eee 
Cs es pT 
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pe FF tt — FF 


0 25 «50, 7S) 100125 Tage (°C) 


Output characteristics Output characteristics Transfer characteristics 
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SGSP201 


Transconductance 


gr5(S) 


OG Ne 

2B i GG 0 a BW 

Ht sec 
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|_| Vog=25V 
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Capacitance variation 
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Normalized on resistance 
vs temperature 
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Static drain-source on 
resistance 


2 3 Ip(A) 


0 1 


Normalized gate threshold 
voltage vs temperature 


GC-0775 
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Source-drain diode forward 
characteristics 
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Gate charge vs gate-source 
voltage 


4 QA (nC) 


Normalized breakdown 
voltage vs temperature 
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SGSP201 


Switching times test circuit for resistive load Switching time waveforms for resistive load 


+-+—_++ 
ty(on) tr S-6059 td(oft) tf 
Pulse width < 100 us SC-0008/1 
Duty cycle < 2% 


Clamped inductive load test circuit Clamped inductive waveforms 


Velamp 


Law wn ao om we, 
SC-0311 
SC-0310 
V;= 12 V - Pulse width: adjusted to obtain 
specified lpm: Volamp = 0.75 VBR) DSS: 
aate charge test circuit Body-drain diode t,, measurement 


Jedec test circuit 


VARIAC 


MAINS 
INPUT 


1N4723 


%. 6916 


PW adjusted to obtain required Vg 
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kys aos on SGSP222 


N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR 


| _tvPe | Voss_| Rosen | to 


HIGH SPEED SWITCHING APPLICATIONS 
ULTRA FAST SWITCHING 
EASY DRIVE FOR REDUCED COST AND SIZE 


INDUSTRIAL APPLICATIONS: 
SWITCHING POWER SUPPLIES 
MOTOR CONTROLS. 


N - channel enhancement mode POWER MOS field OPTION 
effect transistor. Easy drive and very fast switching SOT-194 
times make this POWER MOS transistor ideal for 
high speed switching applications. Uses include ge- 
neral motor speed control, low voltage DC/DC con- INTERNAL SCHEMATIC 
verters and solenoid driving. DIAGRAM 


ABSOLUTE MAXIMUM RATINGS 


Vos Drain-source voltage (Ves = 0) 50 V 
VpoGR Drain-gate voltage (Reg = 20 KQ) 50 V 
Ves Gate-source voltage + 20 V 
Ip Drain current (cont.) at T,=25°C 10 A 
Ip Drain current (cont.) at T,= 100°C 6.3 A 
lpm (°) Drain current (pulsed) 40 A 
lptm (°) Drain inductive current, clamped 40 A 
Prot Total dissipation at T, <25°C 50 W 
Derating factor 0.4 W/°C 
T stg Storage temperature — 65 to 150 °C 
T, Max. operating junction temperature 150 °C 
(°) Pulse width limited by safe operating area 
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SGSP222 


THERMAL DATA 


Rithj- case |hermal resistance junction-case max 2.5 °C/W 
L Maximum lead temperature for soldering purpose 275 °C 


ELECTRICAL CHARACTERISTICS (T,,,.= 25°C unless otherwise specified) 


Parameters Test Conditions ‘Min. | Typ. | Max. | Unit 


OFF 
Ver) pss Drain-source Ip= 250 pA Ves= 0 50 V 
breakdown voltage 
lpss Zero gate voltage Vps= Max Rating 250 
drain current (Vag=0) | Vpg= Max Rating x 0.8 T,= 125°C 1000 
lass Gate-body leakage Ves= +20 V 
current (Vps = 0) 
ON (*) 
Ves (th) Gate threshold Vos = Ves IDp= 250 pA 
voltage 
Ros (on) Static drain-source Ves= 10V Ip=5A 
on resistance Ves= 10V Ip= 5A T,= 100°C 
DYNAMIC 
Forward Vos= 25 V IDp= 5A 3 
transconductance 
Input Capacitance 
Output capacitance 
Reverse transfer 
capacitance 
Turn-on time Vop= 25 V Ip= 5A 
Rise time Vj= 10 V Ri= 4.70 
Turn-off delay time (see test circuit) 
Fall time 


ae SGS-THOMSON 
‘F.. MICROELECTRONICS 


SGSP222 


ELECTRICAL CHARACTERISTICS (Continued) 


rao [on Joe 


SOURCE DRAIN DIODE 


Isp Source-drain current 10 A 
Ispm (*) Source-drain current 40 A 
(pulsed) 


Vsp Forward on voltage Isp= 10A Ves= 0 eo) aa 
t 


+ Reverse recovery Isp= 10A Ves= 0 100 
time di/dt = 25 A/us 


(*) Pulsed: Pulse duration = 300 ps, duty cycle 1.5% 
(°) Pulse width limited by safe operating area 


Safe operating areas Thermal impedance Derating curve 
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Output characteristics Output characteristics Transfer characteristics 
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SGSP222 


Transconductance Static drain-source on Gate charge vs gate-source 
resistance voltage 


GC-0589 
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Capacitance variation Normalized gate threshold Normalized breakdown 
voltage vs temperature voltage vs temperature 
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Normalized on resistance Source-drain diode forward 
vs temperature characteristics 
GC-0753 


oSton) 
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Switching times test circuit for resistive load 


Pulse width < 100 us SC-0008/1 
Duty cycle < 2% 


Clamped inductive load test circuit 


SC-0310 


V;= 12 V - Pulse width: adjusted to obtain 
specified low: Velamp = 0.75 VBR) DSS: 


Gate charge test circuit 


PW adjusted to obtain required Vg 


kyy, 


SGSP222 


Switching time waveforms for resistive load 


a eae hs 90%. 
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ty(on) tr $-6059 td(oft) tf 


Clamped inductive waveforms 


Velamp 


hos Sr ee es 


SC-0311 


Body-drain diode t,, measurement 
Jedec test circuit 
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wa SGS-THOMSON SGSP361 
JF, MICROELECTRONICS SGSP362 


N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTORS 


TYPE | Voss _| Rosion) _ 
SGSP361 | 100 V 
SGSP362 


e HIGH SPEED SWITCHING APPLICATIONS 
e 80 - 100 VOLTS - FOR UPS APPLICATIONS 
e ULTRA FAST SWITCHING 


e RATED FOR UNCLAMPED INDUCTIVE 
SWITCHING (ENERGY TEST) * 


e EASY DRIVE FOR REDUCED SIZE AND COST 


INDUSTRIAL APPLICATIONS: 
¢ UNINTERRUPTIBLE POWER SUPPLIES 
e MOTOR CONTROLS 


N - channel enhancement mode POWER MOS field 
effect transistor. Easy drive and very fast switching 
times make this POWER MOS transistor ideal for 
high speed switching applications. Typical appli- 
cations include UPS, battery chargers, printer ham- 
mer drivers, solenoid drivers and motor control. 


INTERNAL SCHEMATIC 
DIAGRAM 


ABSOLUTE MAXIMUM RATINGS SGSP361 SGSP362 
Vos Drain-source voltage (Vgs = 0) 100 80 V 
VpcrR Drain-gate voltage (Reg =20 KQ) 100 80 V 
Ves Gate-source voltage +20 V 
Ip Drain current (cont.) at T,=25°C 18 22 A 
Ip Drain current (cont.) at T,= 100°C 14 14 A 
lom (°) Drain current (pulsed) 72 88 A 
Prot Total dissipation at T, <25°C 100 W 
Derating factor 0.8 W/°C 
T stg Storage temperature —65 to 150 °C 
Tj Max. operating junction temperature 150 °C 
(°) Pulse width limited by safe operating area 
* Introduced in 1988 week 44 
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SGSP361 - SGSP362 


THERMAL DATA 


Rihj - case Thermal resistance junction-case max 1.25 °C/W 
Ty Maximum lead temperature for soldering purpose 275 od @ 


ELECTRICAL CHARACTERISTICS (T.,..= 25°C unless otherwise specified) 


ence [mo 


OFF 


Var) pss Drain-source Ip= 250 pA 
breakdown voltage for SGSP361 
for SGSP362 


loss Zero gate voltage Vps= Max Rating 
drain current (Vgg=0) | Vps= Max Rating x 0.8 T,= 125°C 


lass Gate-body leakage Ves = +20 V 
current (Vps = 0) 


ON (*) 


Ves (thy Gate threshold voltage} Vps= Ves Ip= 250 pA 


Rps (on) Static drain-source Ves= 10 V 
on resistance Ip= 9A _ for SGSP361 
Ip= 11 A for SGSP362 
Ves= 10 V i 100°C 
lIp= 9A for SGSP361 
Ip= 11 A for SGSP362 


ENERGY TEST 


luis Unclamped inductive | Vpp= 30 V 
switching current starting T;= 25°C 
(single pulse) for SGSP361 
for SGSP362 


DYNAMIC 


Input capacitance 950 | 1200 
Output capacitance = = 480 
Reverse transfer = 230 
Capacitance 


2/6 Ky7 SGS-THOMSON 
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SGSP361 - SGSP362 


ELECTRICAL CHARACTERISTICS (Continued) 


ros [ooo 


SWITCHING 


ta (on) ‘Turn-on time Vpp= 50 V Ip= 11A 
t, Rise time V;= 10 V R= 4.7 0 


tuo)  Turn-off delay time (see test circuit) 
t, Fall time 


SOURCE DRAIN DIODE 


Isp Source-drain current | for SGSP361 
for SGSP362 

Ispm (°) Source-drain current | for SGSP361 
(pulsed) for SGSP362 


Vsp Forward on voltage Ves= 0 
Isp = 18 A for SGSP361 
Isp = 22 A for SGSP362 


te Reverse recovery Isp= 22A 
time di/dt = 25 A/us 


*) Pulsed: Pulse duration = 300 ps, duty cycle 1.5% 
) 


( 
(° 


Pulse width limited by safe operating area 
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SGSP361 - SGSP362 


Safe operating areas Thermal impedance Derating curve 
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Output characteristics Output characteristics Transfer characteristics 
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SGSP361 - SGSP362 


Switching times test circuit for resistive load 


Pulse width < 100 us SC-0008/1 
Duty cycle < 2% 


Unclamped inductive load test circuit 


I SC-0317 


/,= 12 V - Pulse width: adjusted to obtain 
specified Ipny 


Gate charge test circuit 


SC-0305 
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Switching time waveforms for resistive load 
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Unclamped inductive waveforms 
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Body-drain diode t,, measurement 
Jedec test circuit 
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{ SGS-THOMSON SGSP461 
SF, MICROELECTROMICS SGSP462 


N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTORS 


| TYPE | Voss | Rosin | to 
OA 


e HIGH SPEED SWITCHING APPLICATIONS 
¢ 80 - 100 VOLTS - FOR UPS APPLICATIONS 


¢ RATED FOR UNCLAMPED INDUCTIVE 
SWITCHING (ENERGY TEST) ¢ 


e ULTRA FAST SWITCHING 
e EASY DRIVE FOR REDUCED COST AND SIZE 


INDUSTRIAL APPLICATIONS: 
e UNINTERRUPTIBLE POWER SUPPLIES 
e MOTOR CONTROLS 


N - channel enhancement mode POWER MOS field 
effect transistors. Easy drive and very fast switching 
times make these POWER MOS transistors ideal 
for high speed switching applications. Typical ap- 
plications include UPS, battery chargers, printer 
hammer drivers, solenoid drivers and motor control. 


INTERNAL SCHEMATIC 
DIAGRAM 


ABSOLUTE MAXIMUM RATINGS SGSP461 SGSP462 
Vos Drain-source voltage (Ves = 0) 100 80 V 
VoerR Drain-gate voltage (Reg = 20 KQ) 100 80 V 
Ves Gate-source voltage +20 V 
Ip Drain current (cont.) at T,=25°C 20 25 A 
Ip Drain current (cont.) at T,= 100°C 13 16 A 
lpm (°) Drain current (pulsed) 80 100 A 
Prot Total dissipation at T, <25°C 125 W 
Derating factor 1 W/°C 
T stg Storage temperature — 65 to 150 °C 
Tj Max. operating junction temperature 150 °C 
(°) Pulse width limited by safe operating area 
* Introduced in 1988 week 44 
June 1988 1/6 
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SGSP461 - SGSP462 


THERMAL DATA 


Rthj- case !hermal resistance junction-case max 1 °C/W 
Ty, Maximum lead temperature for soldering purpose 275 °C 


ELECTRICAL CHARACTERISTICS (T,,,.=25°C unless otherwise specified) 


recone | [oo [on 


OFF 


breakdown voltage for SGSP461 100 V 
for SGSP462 80 V 


Insg «Zero gate voltage Vps= Max Rating ; 250 | nA 
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T,= 125°C 1000} nA 

lass Gate-body leakage Ves = £20 V +100} nA 
current (Vpsg = 0) 


ON (*) 


Vas (th) Gate threshold voltage] Vps= Ves Ip = 250 pA Eames ea 


Rps (on) Static drain-source Ves= 10 V 
on resistance lp= 10A_ for SGSP461 
Ip= 12.5 A for SGSP462 
Ves = 10 V T, = 
Ipb= 10A_ for SGSP461 
Ip= 12.5 A for SGSP462 


ENERGY TEST 


luis Unclamped inductive | Vpbp= 30 V 
switching current Starting Tj= 25°C 


(single pulse) for SGSP461 
for SGSP462 


DYNAMIC 


Input capacitance 
Output capacitance 
Reverse transfer 
Capacitance 
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SGSP461 - SGSP462 


ELECTRICAL CHARACTERISTICS (Continued) 


one [om [i 


SWITCHING 


tan)‘ Turn-on time Vpp= 50 V Ip= 125A 
t, Rise time Vi= 10 V R,= 4.7 0 


tao)  Turn-off delay time (see test circuit) 
t; Fall time 


SOURCE DRAIN DIODE 


Isp Source-drain current | for SGSP461 
for SGSP462 

Ispm (°) Source-drain current | for SGSP461 
(pulsed) for SGSP462 


Vsp Forward on voltage Ves= 0 
Isp = 20 A for SGSP461 
Isp = 25 A for SGSP462 


Reverse recovery Isp= 25A Ves= 0 
time di/dt = 25 Alus 


(*) Pulsed: Pulse duration = 300 ys, duty cycle 1.5% 
(*) Pulse width limited by safe operating area 
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SGSP461 - SGSP462 


Safe operating areas 
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Capacitance variation 
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SGSP461 - SGSP462 


Switching times test circuit for resistive load 


Pulse width < 100 us SC-0008/1 
Duty cycle < 2% 


Unclamped inductive load test circuit 


V,= 12 V - Pulse width: adjusted to obtain 
specified Ipny 


Gate charge test circuit 


PW adjusted to obtain required Vg 
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Switching time waveforms for resistive load 
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Unclamped inductive waveforms 
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Body-drain diode t,, measurement 
Jedec test circuit 
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wa SGS-THOMSON SGSP491 
7, MICROELECTRONICS SGSP492 


N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTORS 


| TYPE | Voss_| Rosie | 'o | 


¢ HIGH SPEED SWITCHING APPLICATIONS 
¢ 50 - 60 VOLTS FOR INVERTER AND UPS 
¢ HIGH CURRENT - Vpg (on) $1V at 20A 


e RATED FOR UNCLAMPED INDUCTIVE 
SWITCHING (ENERGY TEST) ® 


e EASY DRIVE - REDUCED SIZE AND COST 


INDUSTRIAL APPLICATIONS: 
e DC/DC CONVERTERS 
e MOTOR CONTROLS 


N - channel enhancement mode POWER MOS field 
effect transistors. Easy drive and very fast switching 
times make these POWER MOS transistors ideal 
for high speed switching applications such as 
DC/DC converters, UPS, inverters, battery chan- 
gers and solar power converters. 


INTERNAL SCHEMATIC 
DIAGRAM 


ABSOLUTE MAXIMUM RATINGS SGSP491 SGSP492 
Vos Drain-source voltage (Ves = 0) 60 - 50 V 
VoarR Drain-gate voltage (Reg =20 KQ) 60 50 V 
Ves Gate-source voltage +20 V 
Ip Drain current (cont.) at T, = 25°C 40 A 
Ip Drain current (cont.) at T,= 100°C 25 A 
lom (°) Drain current (pulsed) 160 A 
Prot Total dissipation at T, <25°C 150 W 
Derating factor 1.2 W/°C 
T stg Storage temperature -— 65 to 150 °C 
Tj Max. operating junction temperature 150 °C 
(°) Pulse width limited by safe operating area 
* Introduced in 1988 week 44 
June 1988 1/5 
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SGSP491 - SGSP492 


THERMAL DATA 


Rihj - case Thermal resistance junction-case max 0.83 °C/W 
L Maximum lead temperature for soldering purpose 275 °C 


ELECTRICAL CHARACTERISTICS (T,,,.,=25°C unless otherwise specified) 


cone |] 


OFF 


Vier) pss Drain-source Ip= 250 pA = 
breakdown voltage for SGSP491 60 : 
for SGSP492 50 


loss Zero gate voltage Vps= Max Rating 250 | nA 
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T,= 125°C 1000 | nA 

less Gate-body leakage Ves= +20 V + 100 
current (Vps = 0) 


ON (*) 


Vas (th) Gate threshold Vos= Ves Ip= 250 pA 2 4 V 
voltage 

Rps (on) Static drain-source Vegs= 10V Ip= 20A 33 | mQ 
on resistance Ves= 10V Ip= 20A T,= 100°C 66 | mQ 


ENERGY TEST 


luis Unclamped inductive | Vpp= 30 V 
switching current starting T;= 25°C 
(single pulse) 


DYNAMIC 


Input capacitance 
Output capacitance 
Reverse transfer 
capacitance 


SWITCHING 


Turn-on time Vop= 29 V Ip= 20A 35 | 45 
Rise time Vi= 10 V R;= 4.7 0 110 | 145 


Turn-off delay time (see test circuit) 90 | 120 
Fall time 55 70 
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ELECTRICAL CHARACTERISTICS (Continued) 


ee os 


SOURCE DRAIN DIODE 


Isp Source-drain current 
Ispm (°) Source-drain current 
(pulsed) 


Reverse recovery 
time di/dt = 25 Alus 


(*) Pulsed: Pulse duration = 300 ys, duty cycle 1.5% 
(°) Pulse width limited by safe operating area 


Safe operating areas Thermal impedance Derating curve 
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Transconductance 
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Switching times test circuit for resistive load 


Pulse width < 100 ps SC-0008/1 
Duty cycle < 2% 


Unclamped inductive load test circuit 


f 
Pw 
SC-0317 


V;= 12 V - Pulse width: adjusted to obtain 
specified Ipny 


Gate charge test circuit 


PW adjusted to obtain required Vg 
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Switching time waveforms for resistive load 
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Body-drain diode t,, measurement 
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AYf, Sicnotesemonncs 


| TYPE | Voss | Rosom | 'o 
stit20. | 60V | 0.152 | 15A 
STLT20FI | 60V ae EL A 


STLT19 50 V 15A 
STLT19FI 50 V B46 ; 10A 


e LOGIC LEVEL (+5V) CMOS/TTL 
COMPATIBLE INPUT 

e HIGH INPUT IMPEDANCE 

e ULTRA FAST SWITCHING 


N - channel enhancement mode POWER MOS field 
effect transistors. The low input voltage - logic le- 
vel - and easy drive make these devices ideal for 
automotive and industrial applications. Typical uses 
are in relay and actuator driving in the automotive 


STLT20/Fl 
STLT19/FI 


N - CHANNEL ENHANCEMENT MODE 
LOW THRESHOLD POWER MOS TRANSISTORS 


PRELIMINARY DATA 


TO-220 ISOWATT220 


enviroment. INTERNAL SCHEMATIC 
DIAGRAM 


ABSOLUTE MAXIMUM RATINGS 


TO-220 
ISOWATT220 
Vos Drain-source voltage (Ves = 0) 
VocGrR Drain-gate voltage (Reg = 20 KQ) 
Ves Gate-source voltage 
Ip Drain current (cont.) at T,=25°C 
Ip Drain current (cont.) at T,= 100°C 
lpm) Drain current (pulsed) 
Prot Total dissipation at T, <25°C 
Derating factor 
T stg Storage temperature 
T; Max. operating junction temperature 


(e) Pulse width limited by safe operating area 


June 1988 


STLT20 STLT19 

STLT20FI STLT19Fi 
60 50 V 
60 50 V 
+15 V 

TO-220 ISOWATT220 

15 10 A 
9.5 6.3 A 
40 40 A 
75 7 30 W 
0.6 0.24 WI°C 
— 65 to 150 °C 
150 °C 


1/6 


257 


STLT20/Fl - STLT19/FI 


THERMAL DATA TO-220 | ISOWATT220 


Rithy- case |hermal resistance junction-case max 1.67 | 4.16 


T, Maximum lead temperature for soldering purpose max 275 


ELECTRICAL CHARACTERISTICS (T,,,.=25°C unless otherwise specified) 


en cooe [ma to 


OFF 


Viar) pss Drain-source Ip= 250 pA 
breakdown voltage for STLT20/Fl 
for STLT19/Fl 


loss Zero gate voltage Vps= Max Rating 250 
drain current (Vgg=0) | Vpg = Max Rating x 0.8 T,= 125°C 1000 

lass Gate-body leakage Vaeg= +15 V +100} nA 
current (Vps = 0) 


ON xx 


Vas (th) Gate threshold Vos= Ves 
voltage 


Ros (on) Static drain-source Ves= 5 V 
on resistance 


DYNAMIC 


Forward Vpos= 15 V 
transconductance 


Ciss Input capacitance 
Goes Output capacitance 
Reverse transfer 
capacitance 


rss 


SWITCHING 


ta(on) _‘Turn-on time 
t, Rise time 


: (of)  Turn-off delay time 
Fall time 
Total Gate Charge Vop= 48 V Ip= 15 A 13 | nC 
Ves= 5 V 
2/6 O77 SGS-THOMSON 
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STLT20/Fl - STLT19/Fl 


ELECTRICAL CHARACTERISTICS (Continued) 


ene [on [et 


SOURCE DRAIN DIODE 


Source-drain current 
Source-drain current 
(pulsed) 


Forward on voltage Isp= 15A 


Reverse recovery 

time 

Reverse recovered = di/dt = 100A/us 
charge 


** Pulsed: Pulse duration < 300 ps, duty cycle < 2% 
(°) Pulse width limited by safe operating area 


Safe operating areas Thermal impedance Derating curve 
(standard package) (standard package) (standard package) 
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STLT20/FI - STLT19/Fl 


Static drain-source on 
resistance 
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Normalized gate threshold 
voltage vs temperature 
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STLT20/FI - STLT19/FI 


Switching times test circuit for resistive load Switching time waveforms for resistive load 


++——+ 
ty(on) tr $-6059 td(oft) tf 


Pulse width < 100 us SC-0008/1 
Duty cycle < 2% 


Gate charge test circuit Body-drain diode t,, measurement 
Jedec test circuit 


VARIAC 


MAINS 
IN PUT 50n 
1N6723 
5 - 6916 
J Ly 
Smead 
PW 
SC-0305 
PW adjusted to obtain required Vg 
SGS-THOMSON 5/6 
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STLT20/Fl - STLT19/FI 


ISOWATT220 PACKAGE 
CHARACTERISTICS AND APPLICATION. 


ISOWATT220 is fully isolated to 2000V dc. Its ther- 
mal impedance, given in the data sheet, is optimi- 
sed to give efficient thermal conduction together 
with excellent electrical isolation. 

The structure of the case ensures optimum distan- 
ces between the pins and heatsink. The 
ISOWATT220 package eliminates the need for ex- 
ternal isolation so reducing fixing hardware. Accu- 
rate moulding techniques used in manufacture 
assure consistent heat spreader-to-heatsink capa- 
citance. 

ISOWATT220 thermal performance is better than 
that of the standard part, mounted with a 0.1mm 
mica washer. The thermally conductive plastic has 
a higher breakdown rating and is less fragile than 
mica or plastic sheets. Power derating for 
ISOWATT220 packages is determined by: 


Ts 1. 
Rth 


from this Ipmax for the POWER MOS can be cal- 
culated: 


Pp 


lpmax< = 
DS(on) (at 150°C) 


ISOWATT DATA 


Safe operating areas 


GC-0766 


Thermal impedance 


THERMAL IMPEDANCE OF 
ISOWATT220 PACKAGE 


Fig. 1 illustrates the elements contributing to the 
thermal resistance of transistor heatsink assembly, 
using ISOWATT220 package. 

The total thermal resistance Rip ot iS the sum of 
each of these elements. 

The transient thermal impedance, Z,, for different 
pulse durations can be estimated as follows: 


1 - for a short duration power pulse less than 1ms; 
Zin< Finu-c 

2 - for an intermediate power pulse of 5ms to 50ms: 
Zih= Rihs-c 


3 - for long power pulses of the order of 500ms or 
greater: 


Zin= Rinsc + Rincns + RthHs-amb 


It is often possibile to discern these areas on tran- 
sient thermal impedance curves. 


Fig. 1 


RenJ-c Rénc-Hs Renys-amb 
INVA I 


Derating curve 
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wa SGS-THOMSON STLT30/FI 
SF. iCROELECTROMCS STLT29/FI 


N - CHANNEL ENHANCEMENT MODE 
LOW THRESHOLD POWER MOS TRANSISTORS 


TYPE | Voss_| Rost | to 
STLT30 60V | 0.089 
STLT3O/FI | 60V_ | 0.089 
STLT29 50V | 0.089 
STLT29/Fl | 50V 08 2 


e LOGICAL LEVEL (+5V) CMOS/TTL 
COMPATIBLE INPUT 


e HIGH INPUT IMPEDANCE 
¢ ULTRA FAST SWITCHING 


ADVANCE DATA 


N - channel enhancement mode POWER MOS field 
effect transistors. The low input voltage - logic le- 
vel - and easy drive make these devices ideal for 
automotive and industrial applications. Typical uses 


are in relay and actuator driving in the automotive 
enviroment. INTERNAL SCHEMATIC 
DIAGRAM 


TO-220 ISOWATT220 


ABSOLUTE MAXIMUM RATINGS 


TO-220 STLT30 STLT29 
ISOWATT220 STLT3OFI STLT29FI 
Vos Drain-source voltage (Vgs = 0) 60 50 V 
VocrR Drain-gate voltage (Reg = 20 KQ) 60 50 V 
Ves Gate-source voltage +15 V 
TO-220 ISOWATT220 

Ip Drain current (cont.) at T,=25°C 25 15 A 
Ip Drain current (cont.) at T,= 100°C 15.7 9.5 A 
lom Drain current (pulsed) 80 80 A 
Prot Total dissipation at T, <25°C 100 35 W 

Derating factor 0.8 0.28 W/°C 
T stg Storage temperature — 65 to 150 °C 
Tj Max. operating junction temperature 150 °C 
June 1988 1/3 
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STLT30/FI - STLT29/FI 


THERMAL DATA TO-220 | ISOWATT220 


Rihj - case |hermal resistance junction-case 


Rthj- amb Thermal resistance junction-ambient 


ELECTRICAL CHARACTERISTICS (T,,,.= 25°C unless otherwise specified) 


ore | [oo [on 


OFF 


Var) pss Drain-source Ip= 250 pA 
breakdown voltage for STLT30/FI 60 V 
for STLT29/Fl 50 V 


loss Zero gate voltage Vps= Max Rating 
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T,= 125°C 
lass Gate-body leakage Veg= +15 V | or 


current (Vps=0) 


Vas (th) Gate threshold Vos = Ves ID= 250 pA 
voltage 

Ros (on) Static drain-source Vas= 5V Ip= 125A 
on resistance 


DYNAMIC 


Os Forward Vps= 15 V Ip= 12.5A mho 
transconductance 


930 | 1200] pF 
600 | pF 
130 | pF 


Input capacitance 
Coss Output capacitance 
Reverse transfer 

capacitance 


SWITCHING 


tad (on) —‘Turn-on time 
t, Rise time 
taoty  _Turn-off delay time 


Fall time 


Total Gate Charge Vos= 25 V 
Ves= 5 V 


2/3 ; 
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STLT30/FI - STLT29/Fl 


ELECTRICAL CHARACTERISTICS (Continued) 


oe [on [oe vt 


SOURCE DRAIN DIODE 


Isp Source-drain current 25 
Isom Source-drain current 80 
(pulsed) 


Forward on voltage Isp = 25A Ves= 0 Ht 


Reverse recovery 
time 
Q+ Reverse recovery 
charge 


Isp= 25A di/dt = 100A/us 


{57 8GS-THOMSON = 
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Ay/ ait hea a STVHD90 


N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR 


PRELIMINARY DATA 


TYPE | Voss | Rosen) | to __ 
STVHD90 0.023 2 


¢ VERY HIGH DENSITY 

© VERY LOW Ros con) 

¢ VERY HIGH CURRENT 

¢ HIGH TRANSCONDUCTANCEIC,,, RATIO 
¢ LOW DRIVE ENERGY 

¢ ULTRA FAST SWITCHING 


N - channel enhancement mode very high density 
POWER MOS transistors. Easy drive and low on 
voltage make this device ideal for automotive and 
industrial applications requiring high current and 
low on-losses. Typical uses are actuators lamp and 
motor control in the automotive and industrial en- INTERNAL SCHEMATIC 
viroments. It can also be used in DC/DC converters. DIAGRAM 


TO-220 


ABSOLUTE MAXIMUM RATINGS 


Vos Drain-source voltage (Vgs = 0) 50 V 
Ves Gate-source voltage + 20 V 
Ip Drain current (cont.) at T,=25°C 52 A 
Ip Drain current (cont.) at T,= 125°C 32 A 
lom (°) Drain current (pulsed) 200 A 
lo”M Drain inductive current clamped 200 A 
Prot Total dissipation at T, <25°C 125 W 
Derating factor 1 W/°C 
T stg Storage temperature — 65 to 150 °C 
Tj Max. operating junction temperature 150 °C 
(°) Pulse width limited by safe operating area 
June 1988 1/5 
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STVHD90 


THERMAL DATA 


Rthj- case Thermal resistance junction-case max 1 °C/W 
L Maximum lead temperature for soldering purpose 275 °C 


ELECTRICAL CHARACTERISTICS (T,,,.=25°C unless otherwise specified) 


cone [mn vr 


OFF 
Vier) pss Drain-source Ip= 250 pA Ves= 0 50 V 
breakdown voltage 
loss Zero gate voltage Vps= Max Rating 250 | vA 
drain current (Vag =0) | Vps= Max Rating x 0.8 T,= 125°C 1000 | pA 


less Gate-body leakage Ves= +20 V 100 
current (Vps = 0) 


ON (*) 


Vas (th) Gate threshold 
voltage 


Ros (on) Static drain-source 
on resistance 


DYNAMIC 


Forward Vps= 25 V 
transconductance 


Input capacitance 
= Output capacitance 
Crss Reverse transfer 
Capacitance 


2500 | 3000 | pF 
850 | 1000] pF 
120 | 150 | pF 


SWITCHING 


: on a ia vl py . R,= 50 
: ise time i= — Q 
: (oi) -—«‘Turn-off delay time (see test circuit) 


Fall time 


Total Gate Charge Vpp =25 V 


2/5 5. SGS-THOMSON 
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ELECTRICAL CHARACTERISTICS (Continued) 


rato [on eo 


SOURCE DRAIN DIODE 


Isp Source-drain current 
Ispy (°) Source-drain current 
(pulsed) 


Forward on voltage 


Reverse recovery 
time 

Reverse recovery 
charge 


Isp = 52 A 
di/dt = 


Ves= 0 


Ves= 0 
100 A/us 


(°) Pulsed: Pulse duration = 300 ys, duty cycle 1.5% 


Safe operating areas 
GC-0758 
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STVHD90 


Static drain-source on 
resistance 
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Normalized gate threshold 
voltage vs temperature 
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Static drain diode forward 
characteristics 
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Normalized breakdown 
voltage vs temperature 
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Capacitance variation 
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temperature 
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STVHD90 


Switching times test circuit for resistive load Switching time waveforms for resistive load 


as ae ect 90° 


| 
| 
1 (10% 
| 


+—+—__+ 
ty(on) tr — s-6059 td(oft) tf 
Pulse width < 100 us Sc-0008/1 
Duty cycle < 2% 


Clamped inductive load test circuit Clamped inductive waveforms 


Vela mp 


VpD 


SC-0311 
SC-0310 
V;= 12 V - Pulse width: adjusted to obtain 
specified lbw Velamp = 0.75 VBR) DSS: 
Gate charge test circuit Body-drain diode t,, measurement 


Jedec test circuit 


VARIAC 


MAINS 
IN PUT $00 

1N4723 €3 Out 
1(t) 

$- 6916 

PW adjusted to obtain required Vg 
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VM200 


HIGH SIDE SMART SOLID STATE RELAY 


ADVANCE DATA 


a DRAIN CURRENT (continous) 
To = 25°C 

a» INRUSH CURRENT LIMITATION 

» TTL/CMOS COMPATIBLE INPUT 

» SHORT CIRCUIT PROTECTION 

» LOAD OVER-VOLTAGE PROTECTION 

» THERMAL SHUTDOWN 

» OPEN DRAIN DIAGNOSTIC OUTPUT 

» VERY LOW STAND-BY POWER DISSIPATION 

as DIGITAL DIAGNOSTIC FILTERING 


25A AT 


DESCRIPTION 


The VM200 is a Monolithic device made using SGS- 
THOMSON Microelectronics Vertical Intelligent 
Power Technology, intended for driving resistive or 
inductive loads, with one side connected to ground. 
Built-in thermal shut-down protects the chip from 
over temperature. The power stage uses a low dissi- 
pation mosfet current sensing technique which pro- 
vides short circuit and open load protection. 


TEST AND APPLICATION CIRCUIT 


* See note 1 


June 1989 


PENTAWATT 


The input control is TTL/CMOS compatible. The di- 
agnostic output provides an indication of open load 
and short circuit conditions, and thermal and over- 
voltage shut-down status. 


| Type | Voss | bt 
60V 25A 


OSCILLATOR 


CHARGE PUMP 


OVER 
TEMPERATURE 


SC-836074 


1/7 
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VM200 


ABSOLUTE MAXIMUM RATINGS 


Cunt | 
a 
[Ip | Drain Curent eon) ——SSSSSSSSSCSCSC~Sa i 
a 0 
[Ww [input votage ——SCSCSCSC“‘“‘“~“<“<—r CSS Sd 
[vs | Status VotageSOSC“~“s*~“‘“—s*S*S*S*S*S*~‘“‘~*‘“~*~*SC‘“sé‘“‘aSSC*dSC( 
io er 
T, 


) 
Diagnostic Current (sink) 2 
Electrostatic Discharge (1.5KQ, 100pF) 2000 


= Junction Operating Temperature — 40 to 150 


PC-0289/2 


CURRENT AND VOLTAGE CONVENTIONS 


Vcc 


LOAD 


OT {G7 SGS-THOMSON 
S/ ij MICROELECTRONICS 
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VM200 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction—case 
Rth j-amb | Thermal Resistance Junction—ambient 


ELECTRICAL CHARACTERISTICS : (Vcc = 13V; T, = 25°C unless otherwise specified) 
POWER 


[Symbot [Parameter [Test Conditions | win. | Typ. | Max. | Unit 
PR 
[1s | Suppiy current ‘forse ——SSC~*iCSSC*iSSC*dSt 


SWITCHING 


Test Conditions te | Typ. | Mex | Unit 
ta(on) Turn—on Delay Time of Output) Ip = 12A Resistive Load 
Current Input Rise Time < 0.1ps 
tr Rise Time of Output Current Ip = 12A Resistive Load 
Input Rise Time < 0.1ps 
td (off) Turn—off Delay Time of Output] Ip = 12A Resistive Load 
Current Input Fall Time < 0.1ps 
ty Fall Time of Output Current Ip = 12A Resistive Load 
Input Fall Time < 0.1ps 


< 


lp =Isc 
Ip =Isc 


LOGIC INPUT 


Test Conditions 
Ve Input Low Level Voltage 
i i> I Input High Level Voltage 


Input Hysteresis Voltage 


3/7 
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VM200 


ELECTRICAL CHARACTERISTICS (continued) 
PROTECTIONS AND DIAGNOSTICS 


Over Voltage Shut Down 
Open Load Current Level 


ta (sc) Short Circuit Delay Turn—off 
Time 

ta (OL) Open Load Delay Turn-off 
Time 


Trsp (hyst) | Thermal Shut Down 
Hysteresis 


The device has a diagnostic output which indicates 
open circuit (no load), short circuit, over current and 
over temperature conditions. 


The truth table shows input, diagnostic output volt- 
age level in normal operation and in fault condition. 


The output signals are processed by internal logic. 


The internally generated short circuit/over current 
signal is ignored for 33ms at turn-on, the load cur- 
rent is limited at the short circuit value without diag- 


TRUTH TABLE 


Normal Operation 


Open Circuit 
(no load) 


Short-circuit/ 
Over-current 


Over-—temperature 


L = Low Level 
H = High Level 
Note 1. Internally limited by overcurrent protection (typical value). 


Diagnostic Current Output Voc =5V 
High 


eee 
IN TURN ON 
IN OPERATION 
Ttsp Thermal Shut Down 
Temperature 


3 
2 
3 
{ 


0 

5 

0 
1 

1 
50 
10 


nostic signalling during this period. After this time if 
a fault is present the device is turned off and the di- 
agnostic signal becomes low. 


If, during normal conduction, a fault condition is de- 
tected for more than ims (see truth table), the de- 
vice is turned off and the diagnostic output goes low. 
This allows short load current interruptions caused 
typically by brush contacts in a D. C. motor. 


Delay (ms) 


33 Turn—on 
1 Normal Op. 


4/7 
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VM200 


SHORT-CIRCUIT BEHAVIOUR 
Figure 1 : Test Circuit. Photo 1 : Waveform. 


oes oo ay. 3. tS sBlat nts, 


1 : Input Voltage 5V/div. 
2° Status Voltage 10V/div. 
3 ‘Output Current 10A/div. 


SWITCHING A LAMP 
Figure 2 : Application Circuit. Photo 2 : Waveform. 


1 : Input Voltage 5V/div. 
2: Status Voltage 10V/div. 
3 : Output Current 10A/div. 


L577 SGS:THOMsON a 
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VM200 


SWITCHING A SOLENOID 
Figure 3 : Application Circuit. Photo 3 : Waveform. 


SC-0371 


1 ‘Input Voltage 5V/div. 
2 ‘Status Voltage 10V/div. 
3 : Output Current 10A/div 


OPEN LOAD BEHAVIOUR 
Figure 4 : Test Circuit. Photo 4 : Waveform. 


NO LOAD 


SC-0372 


1 . Input Voltage 5V/div. 
2 * Status Voltage 10V/div 
3 . Output Current 10A/div 
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Input Current vs Vpat. 
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On Resistance vs Junction Temperature. 
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VM200 


Status Current vs Junction Temperature. 
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fq, SGS-THOMSON = =—s BDW93/A/B/C 
7 iicROELECTRONICS BDW94/A/B/C 


NPN/PNP POWER DARLINGTONS 


DESCRIPTION 


The BDW93, BDW93A, BDW93B and BDW938C are 
silicon epitaxial-base NPN transistors in monolithic 
Darlington configuration and are mounted in Jedec 
TO-220 plastic package. They are intended for use 
in power linear and switching applications. The com- 
plementary PNP types are the BDW94, BDW94A, 
BDW94B and BDW94C respectively. 


TO-220 


INTERNAL SCHEMATIC DIAGRAM 


NPN 


| 
| 
sf 


Ri Typ. 10 kQ Ri Typ. 10 kQ 
Re Typ. 150 Q. . Re Typ. 150 Q. 


ABSOLUTE MAXIMUM RATINGS 


BDW94 |BDW94A|BDW94B |BDW94C 
Collector-base Voltage (le = 0) | 45 | 60 | 80 | too | v_ 
Collector-emitter Voltage (Ip = 0) | 45 | 60 | 80 | 100 | Vv | 
Collector Current fe 
| low | Collector Peakurent, | 
ee A” SEE SY 
Total Power Dissipation at Tcase $ 25 °C aT ee 


“ For PNP types voltage and current values are negative. 


Value 
Parameter NPN 
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BDW93/A/B/C-BDW94/A/B/C 


THERMAL DATA 


Thermal Resistance Junction-case Max 1.56 


ELECTRICAL CHARACTERISTICS (T.as. = 25 © unless otherwise specified) 


Symbol |___Paramerer__{_“Test-Garettions_. min. | Typ. | Mex. {nit 


Collector Cutoff Current for BDW93/94 
(le =0) for BDW93A/94A 
for BDW93B/94B 
for BDW93C/94C 
Tease = 150 °C 
for BDW93/94 
for BDW93A/94A 
for BDW93B/94B 
for BDW93C/94C 


for BDW93/94 
for BDW93A/94A 
for BDW93B/94B 
for BDW93C/94C 


Collector Cutoff Current 
(Ip =0) 


lc = 100 mA for BDW93/94 
for BDW93A/94A 
for BDW93B/94B 
for BDW93C/94C 


Vce(sat)” | Collector-emitter Saturation Ic =5A lg =20 mA 2 
Voltage Ic =10A lg =100 mA 3 
Vpe(sat). | Base-emitter Saturation Ic =5A Ip =20 mA 2.5 
Voltage lc =10A = 


Nee” DC Current Gain 


Parallel-diode Forward 
Voltage 


Small Signal Current Gain 


ee emitter Sustaining 
Voltage (Ip = 0) 


*Pulsed pulse duration = 300 us, duty cycle=15% 
For PNP types voltage and current values are negative. 
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BDW93/A/B/C-BDW94/A/B/C 


Safe Operating Areas (for BDW93B, BDW93C, 


BDW94B, BDW94C). 


Safe Operating Areas (for BDW93, BDW93A, 


BDW94, BDW94A). 
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Collector-emitter Saturation Voltage (NPN types). 
Collector-emitter Saturation Voltage (NPN types). 
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DC Transconductance (NPN types). 


DC Current Gain (NPN types). 
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Small Signal Current Gain (NPN types). 


Saturated Switching Characteristics pees types). 


BDW93/A/B/C-BDW94/A/B/C 
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Collector-emitter Saturation Voltage (PNP types). 


Collector-base Capacitance (NPN Oneey 
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Collector-base Capacitance (PNP types). 
Small Signal Current Gain (PNP types). 
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BDW93/A/B/C-BDW94/A/B/C 


Collector-emitter Saturation Voltage ne types). 
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Saturated Switching Characteristics (PNP types). 


DC Transconductance (PNP types). 
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L387A 


VERY LOW DROP 5V REGULATOR 


a PRECISE OUTPUT VOLTAGE (5 V + 4 %) 

a VERY LOW DROPOUT VOLTAGE ; 

» OUTPUT CURRENT IN EXCESS OF 500mA 

a POWER-ON, POWER-OFF INFORMATION 
(RESET FUNCTION) 

=» HIGH NOISE IMMUNITY ON RESET DELAY 
CAPACITOR 


DESCRIPTION 


The L387A is a very low drop voltage regulator in 
a Pentawatt® package specially designed to pro- 
vide stabilized 5V supplies in consumer and indus- 
trial applications. Thanks to its very low 
input/output voltage drop this device is very useful 
in battery powered equipment, reducing consump- 
tion and prolonging battery life. A reset output 
makes the L387A particularly suitable for micro- 
processor systems. This output provides a reset 
signal when power is applied (after an external 
programmable delay) and goes low when power is 


ABSOLUTE MAXIMUM RATINGS 


y 


TEST AND APPLICATION CIRCUIT 


September 1988 


Symbol |__ Parameter =| ate |i 
Junction and Storage Temperature Range — 55 to 150 


Pentawatt® 


ORDER CODE :L387A 


removed, inhibiting the microprocessor. An hys- 
teresis on reset delay capacitor raises the im- 
munity to the ground noise. 


OUTPUT 
VOLTAGE 


OUTPUT 


S-5898/1 
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L387A 


PIN CONNECTIONS (top views) 


| a +VouT 
40 DELAY CAPACITOR (Cd) 
|) GROUND 


a ar: RESET OUTPUT 
V3 = +VIN 


(tab connected to pin 3) S- 5307 


BLOCK DIAGRAM 


PNP OUTPUT 
TRANSISTOR opie 


_ CURRENT 
i AMG LIMITER 


THERMAL RESET 
PROTECT. CIRCUIT 
GROUND 
O3 
L 


DELAY 
O CAPACITOR . 


REF, 


THERMAL DATA 


Thermal Resistance Junction-case Max 
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ELECTRICAL CHARACTERISTICS (refer to the test circuit, Vj = 14.4V, Tj = 25°C, C, = 100uF; 
unless otherwise specified) 


Symbol Test Conditions [min. | Typ. | Max. | Unit | 
Vo Output Voltage lp =5mA to 500mMA ~—iT, = 25°C 4.80 5.00 5.20 V 
—-40<T, < 125°C 4.75 5.00 5.25 
Vy Operating Input (*), Over Full T Range (— 40 to 125°C) 26 V 
Voltage (see note **) 


Line Regulation _| V, = 6V to 26V ly =5mA 


Load Regulation | I> = 5mA to 500mA ee 
Vi-—V, | Dropout Voltage I, = 350mA 0.40 0.65 V 
lp = 500mA 0.60 0.80 
Quiescent Current o =OmA 5 15 
lo = 150mMA 20 35 
lp = 350mA 60 100 mA 
lp = 500mMA 100 160 
Y 9 = 500MA || 160 | 180 | 
AVo Temperature - 0.5 mvV/°C 
AT Output Voltage Drift 
SVR Supply Voltage lo = 350mMA f = 120Hz 
Rejection V, =12V + 5Vpp 
Isc Output Short Circuit 1.2 1.6 A 
Current 
Vr Reset Output Ip =3mA 1<V, < 4.75V 0.5 V 
Voltage Ip = 16mA 1.5<V, < 4.75V 0.8 
Over Full T (— 40°C < T, < 125°C) 
Reset Output V. in Regulation 50 LA 
Leakage Current Over Full T Range 
ta Delay Time for Cd = 100nF 20 ms 
Reset Output Over Full T Range 
VAT (off) V, @ Reset out H to L Transition, Over 4.75 Vo V 
Full T Range — 0.15 
loa Charging Current V4 =3V 10 20 30 LA 
(current generator) 
Vat (on) | Power on V, @ Reset out L to H Transition, Over Full VAT (off) Vo V 
Vo. Threshold T Range + 0.05V | — 0.04V 
V4 Comparator V4 @ Reset out H to L Transition eS Tes 
Threshold 
(pin 4) V, @ Reset out L to H Transition 
Vu | Hysteresis Voltage | Over Full T Range | | 450 | Tom 


(*) Fora DC voltage 26 < Vi < 35V the device Is not operating. 
(**) The limits are guaranteed by design, correlation and statistical control on production samples over the indicated temperature 
and supply voltage ranges. 
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Figure 1 :Dropout Voltage vs. Output 
Current. 
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Figure 2 :Quiescent Current vs. Output 
Current. 


G-5103/1 


Iq 
(mA) 


Ay | 


We teste teeth La 


“4 ___________  Sés-THomson 


290 


MICROELECTROMICS 


{ SGS-THOMSON L2605 
7 WicROELECTROMICS L2685-L2610 


LOW DROPOUT VOLTAGE REGULATORS 


» OUTPUT VOLTAGE OF 5, 8.5 AND 10 V 
a OUTPUT CURRENT UP TO 500 mA 

» NO EXTERNAL COMPONENTS 

a LOW DROP-OUT VOLTAGE 

» OVERVOLTAGE PROTECTION (+ 100 V) 
a» REVERSE VOLTAGE PROTECTION 

a SHORT CIRCUIT PROTECTION 

» CURRENT LIMITING 

a THERMAL SHUTDOWN 


DESCRIPTION 


The L2600 series of three terminal positive regula- 
tors is specially designed to stabilize power supplies 
car instrumentation in vehicles with 12V batte- 
ry.Available with output voltages equal to 5V, 8.5V, 
10V, they can supply an output current up to 500mA. 
These devices are protected against load dump and 
field decay transients (+ 100V), reverse battery, 
short circuit and thermal overload. 


Order Codes 3 al 
TO-220 SOT-82 PIPE vonage 
5V 


L2605V L2605X 
L2685V L2685X 8.5 V 
L2610V L2610X 10 V 


BLOCK DIAGRAM 


REVERSE 
VOLTAGE 
PROTECTION 


THERMAL CURRENT 
PROTECTION LIMIT 


GND(case) 
3 
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L2605-L2685-L2610 


PIN CONNECTION (top view) 


| > ~ OUTPUT 


| > GROUND 


INPUT 


S- 2568/1 


ABSOLUTE MAXIMUM RATINGS 


DC Input Voltage 
DC Input Reverse Voltage 
Transient Input Overvoltage : 
Load Dump : 

5ms < trse < 10Mms, 

t Fall Time Constant = 100ms, 
Rsource 2 0.5Q 

Field Decay : 

5ms S tran < 10ms 

tr Rise Time Constant = 33ms, 
Rsource 2 10Q 


Power Dissipation Internally Limited (iia 
Junction and Storage Temperature Range — 55 to 150 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case Max 8 °C/W 4 °C/W 
Rthj-amb | Thermal Resistance Junction-ambient Max 100 °C/W 75 °C/W 


APPLICATION CIRCUIT 


$~7775/1 


(*) Note : C; and Cz are only needed if the load capacitance exceeds 1000 pF, Recommended values are C; = 0.1 uF and C2> 100 pF. 
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ELECTRICAL CHARACTERISTICS (T, = 25 °C, Vj = 14 V, unless otherwise specified) 


4.80 5.00 5.20 

8.15 8.50 8.85 V 

9.60 10.00 10.40 

V; Operating Input 28 V 
Voltage 

Ve [Une Reguaton [1p -50mA  vizrawzov | | _@ | 8 | =v 


AVo Output Voltage Drift | |, =50 mA 
V,=14V Tamb =— 12 to 80 °C 
Output Short Circuit 
Current 


SVR Supply Voltage V,=16V V,=2V 
Rejection f = 100 Hz lp = 500 mA 


(«) Note : For DC input voltage 28 V < V, < 35 V the device is not operating. 


Too | | a 
T20 fw 


ELECTRICAL CHARACTERISTICS (-— 40 <T; < 125 © (note 2), V; = 14 V, unless otherwise 
specified) 


Symbol Test Conditions | Min. | Typ. | Max. | Unit_| 
Vo Output Voltage V, = 12.5 to 16 V (L2605)| 4.70 | 5.00 | 5.30 
8.00 | 850 | 9.00 V 
9.40 | 10.00 | 10.60 


lo = 500 mA| V, = 12.5 to 16 V (L2685) 

V, = 12.5 to 16 V (L2610) 

V, Operating Input See Note (°) 26 V 

Voltage 

We [ne Reguiaion [1o=50mA vj-iasve2ov | _|_s | %@ | awn 
Yo [toad Regulation | Vi=14V lp =50tos00ma_ | | 5 | 18 | mv | 

Dropout Voltage | Io = 500 mA ieee he Is oe ee | 

mad a aee 


Output Short Circuit 
Current 


Notes : (°). Fora DCinput voltage 26 V < Vi < 35 V the device is not operating. 


2. The limits are guaranteed by design, correlation and statistical control on production samples over the indicated tempera- 
ture and supply voltage ranges. 
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MICROELECTRONICS 


L4810-L4812 


VERY LOW DROP VOLTAGE REGULATORS 


» INPUT/OUTPUT DROP TYP. 0.4V 
=» 400mA OUTPUT CURRENT 

» LOW QUIESCENT CURRENT 

s REVERSE POLARITY PROTECTION 

s OVERVOLTAGE PROTECTION (+ 60V) 
s FOLDBACK CURRENT LIMITING 

» THERMAL SHUTDOWN 


DESCRIPTION 


L4800 series devices are voltage regulators with a 
very low voltage drop (typically O.4V at full rated cur- 
rent), output current up to 400mA, low quiescent 
current and comprehensive on-chip protection. 
These devices are protected against load dump and 
field decay transients of + 60V, polarity reversal and 
overheating. A foldback current limiter protects 
against load short circuits. Available in 5V, 8.5V, 
9.2V, 10V and 12V versions (all + 4%, T) = 25°C) 
these regulators are designed for automotive, in- 
dustrial and consumer applications where low con- 
sumption is particularly important. 


BLOCK DIAGRAM 


PREREGULATOR 


DUMP 
PROTECTION 


THERMAL 
PROTECTION 


November 1988 


In automotive applications the L4805 is ideal for 5V 
logic supplies because it functions even when the 
battery voltage falls below 6V. In battery backup and 
standby applications the low consumption of these 
devices extends battery life. 


BANDGAP 
REFERENCE 
AND 
ERROR 

AMPLIFIER 


FOLDBACK 
CURRENT 


LIMITER 
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ABSOLUTE MAXIMUM RATINGS 


Transient Input Overvoltages : 
Load Dump : 

5ms < Trise < 10Ms, 

t Fall Time Constant = 100ms, 
Rsource 2 0.50 

Field Decay : 

5ms Ss trall Ss 10ms, Rsource 2 10 
t, Rise Time Constant = 33ms 


THERMAL DATA 


| Unit _| 
DC Input Voltage 
Reverse Input Voltage 


Junction and Storage Temperature Range — 55 to + 150 


60 V 
— 60 V 


SOT-82 TO-220 


Max 8 °C/W 4 °C/W 


Rthy-case | Thermal Resistance Junction-case 
Rth j-amb Thermal Resistance Junction-ambient 
PIN CONNECTION (top view) 


[> OUTPUT 
G) |) GROUND 


| _ INPUT 
Aaa connected to pin 3 


Max 100 °C/W 75 °C/W 


Order Codes 5 WRI 
TO-220 SOT-82 ene ee 
5V 


L4805CX 
L4885CX 
L4892CX 
L4810CX 
L4812CX 


L4805CV 
L4885CV 
L4892CV 
L4810CV 
L4812CV 


TEST AND APPLICATION CIRCUIT 


The output capacitor is required for stability. Though 
the 100 uF shown is the minimum recommended 
value, actual size and type may vary depending 
upon the application load and temperature range. 
Capacitor effective series resistance (ESR) also fac- 
tors in the IC stability. Since ESR varies from one 
brand to the next, some bench work may be required 
to determine the minimum capacitor value to use in 
production. Worst-case is usually determined at the 
minimum ambient temperature and maximum load 
expected. 


Output capacitors can be increased in size to any 
desired value above the minimum. One possible 
purpose of this would be to maintain the output volt- 
ages during brief conditions of negative input tran- 
sients that might be characteristics of a particular 
system. 


Capacitors must also be rated at all ambient tem- 
perature expected in the system. Many aluminum 
type electrolytics will freeze at temperatures less 
than — 30 °C, reducing their effective capacitance to 
zero. To maintain regulator stability down to — 40 °C, 
Capacitors rated at that temperature (such as tanta- 
lums) must be used. 
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ELECTRICAL CHARACTERISTICS (V, = 14.4 V, T, = 25 °C, C, = 100 pF) 


| Parameter =| Test Conditions | _Min. | Typ. | Max. | Unit_ 
Output Voltage lo = 5 mA to 400 mA* V 
F9.60_| 10.00 | 1040 | Vv 
[eas (ier a 


V 
Operating Input Voltage | 
Line Regulation V, = 13 to 26 V lp =5 mA 
Load Regulation lb =5 to 400 mA* 
lo 
lo 


ee 
[eee 
ae 
Vi = Vo | Dropout Voltage flo=400may 
peer esto 
Quiescent Current flosOmA 

el 

: eos 


0 
l 


= 150 mA 
I, = 400 mA* 


I, = 350 mA f = 120 Hz 
C, =100 nF V,=V,4+3V+2 Vpp 


| lo | Max OutputCurrent | 00 | ms 


Isc Output Short Circuit Current 350 500 mA 
(fold back condition) 


* only for L4892 the current test condition is lo = 300mA. 
ELECTRICAL CHARACTERISTICS(V; = 14.4 V, —40 < T, < 125 © (note 1), C, = 100 pF, unless 
otherwise specified) 
[Symbol Parameter‘ _TestConditions | win. | Typ. | Max | Unit 
Vo Output Voltage lo = 5 mA to 400 mA* 
| 800 | 850 | 900 | Vv 
| _Vi__| Operating input Voltage | seenote2 | 
Viet4to2ev te=smA | | 2 {15 | mv 
|AVo/Ve | Load Regulation | lo =Sto4ooma’ | ||| mv 
Propowtvotage tenga _____}__7_as__tg 


lo = 150 mA 


° 
©) 
< 


a 
a 
nea t60mA Sd 
ee 400maySC~sSCSCSC*” 

-_ 


Max Output Current 


Output Short Circuit Current 
(fold back condition) 


Notes: 1. This limits are guaranteed by design, correlation and statistical contro! on production samples over the indicated temperature and 
supply voltage ranges.. 
2. For a DC voltage 26V < Vi< 35V the device is not operating. 
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L4805-L4885-L4892-L4810-L4812 


Figure 2 : Quiescent Current vs. Output Current. 


Figure 1 : Dropout Voltage vs. Output Current. 
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Figure 4 : Foldback Current Limiting (L4805). 


Figure 3 : Output Voltage vs. Temperature. 
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Figure 5 : Preregulator for Distributed Supplies. 
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AYf Gimatisrnmes LAGOA 


DUAL 5V REGULATOR WITH RESET 


PRELIMINARY DATA 


@ OUTPUT CURRENTS: I9, = 400mA ® RESET OUTPUT HIGH 
loo = 400mMA 
ie @® OUTPUT TRANSISTORS SOA PROTEC- 
@ FIXED PRECISION OUTPUT VOLTAGE 5V TION 
+ 2% 
° @ SHORT CIRCUIT AND THERMAL OVER- 
@® RESET FUNCTION CONTROLLED BY IN- LOAD PROTECTION 
PUT VOLTAGE AND OUTPUT 1 VOLTAGE 
® RESET FUNCTION EXTERNALLY PRO- The L4901A is a monolithic low drop dual 5V 
GRAMMABLE TIMING regulator designed mainly tor supplying micro- 
processor systems. 
@® RESET OUTPUT LEVEL RELATED TO ; 
OUTPUT 2 Reset and data save functions during switch on/ 


off can be realized. 


@ OUTPUT 2 INTERNALLY SWITCHED WITH 
ACTIVE DISCHARGING 


@ LOW LEAKAGE CURRENT, LESS THAN S ; 
1A AT OUTPUT 1 So Heptawatt 


@® LOW QUIESCENT CURRENT (INPUT 1) 


@ INPUT OVERVOLTAGE PROTECTION UP 
TO 60V 


ABSOLUTE MAXIMUM RATINGS 


DC input voltage 


Transient input overvoltage (t = 40 ms) 60 V 
Output current internally limited 
Storage and junction temperature -40 to 150 


© Vo! 


Vo2 


$~7767/2 
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S-9349/4 


OUT 4 
REFERENCE 
VOLTAGE 
VIN SENSE oo 
COMPARATOR 
VOUT SENSE 
COMPARATOR ee 
OUTPUT 
£4901: : LIB TIMING 


CAPACITOR 


VlLO611 
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L4901A 


CONNECTION DIAGRAM 
(Top view) 


OUTPUT 1 
OUTPUT 2 
RESET 
GROUND 
TIMING CAPACITOR 
INPUT 2 
INPUT 1 
PIN FUNCTIONS 
N° NAME FUNCTION 
1 INPUT 1 Low quiescent current 400mA regulator input. 
2 INPUT 2 400mA regulator input. 
3 TIMING CAPACITOR lf Reg. 2 is switched-ON the delay capacitor is charged 


with a 10uA constant current. When Reg. 2 is switch- 
ed-OFF the delay capacitor is discharged. 


4 GND Common ground. 


5 RESET OUTPUT When pin 3 reaches 5V the reset output is switched high. 
5V 
Therefore tap =Q, ( TOuA ); tap (ms) = C, (nF) 


6 OUTPUT 2 5V - 400mA regulator output. Enabled if Vo 1>Vpr 
and Vina > Vit: If Reg. 2 is switched-OFF the Coo 
capacitor is discharged. 


7 OUTPUT 1 5V - 400mA regulator output with low leakage (in 
switch-OFF condition). 


THERMAL DATA 


Rth j-case Thermal resistance junction-case max 4 °C/W 
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TEST CIRCUIT 


ELECTRICAL CHARACTERISTICS (Vj) = Vino = 14,4V, Tamp = 25°C unless otherwise 
specified) 


ee ns 


Output current 1 sve = -100mV 


a Leakage output 1 current = 0 1 HA 
va < 3V 


a Output 1 dropout voltage (*) 


ViT Input threshold voltage 
VITH Input threshold voltage hyst. 


AVo1 Line regulation 1 7V < Vin < 18V 
loi = 5mA 
AVoo2 Line regulation 2 = 


AVo1 Load regulation 1 


~— Load regulation 2 


Quiescent current 


BMA < Io1 < 400mA 


5mMA < Igo < 400mMA 


0 < Vin < 13V 
7V < Vin < 13V 
lo2 = loi < 5mA 


Quiescent current 1 i < pina < 13V mA 
VAN2. SmA loo =0 
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ELECTRICAL CHARACTERISTICS (continued) 


Vet Reset threshold voltage 


VeatH Reset threshold hysteresis 


AVol1 
AT 
“oe 


Thermal drift 


Thermal drift 


SVR1 Supply voltage rejection 


SVR2 Supply’ voltage rejection 


ee ce 
Vo ee 15 


VRH Reset output voltage HIGH = 500uA 
fo teaanaiey gow 


ty Timing capacitor discharge C, = 10nF 
time 


-20°C < Tamp < 125°C 


* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is 
lowered of 25mV under. constant output current condition. 


APPLICATION INFORMATION 


In power supplies for uP systems it is necessary 
to provide power continuously to avoid loss 
of information in memories and in time of day 
clocks, or to save data when the primary supply 
is removed. The L4901A makes it very easy to 
supply such equipments; it provides two voltage 
regulators (both 5V high precision) with separ- 
ate inputs plus a reset output for the data save 
function. 


CIRCUIT OPERATION (see Fig. 1) 


After switch on Reg. 1 saturates until Vo 
rises to the nominal value. 


When the input 2 reaches V;7 and the output 1 
is higher than Vaz the output 2 (Voo) switches 
on and the reset output (V_) also goes high after 
a programmable time Trp (timing capacitor). 


Voo2 and Vp, are switched together at low level 
when one of the following conditions occurs: 


— an input overvoltage 


— an overload on the output 1 (Vo, < Vrrt); 
— aswitch off (Vin < Vit = Vitw); 


and they start again as before when the con- 
dition is removed. 


An overload on output 2 does not switch Reg. 2, 
and does not influence Reg. 1. 


The Vo, output features: 


— 5V internal reference without voltage divider 
between the output and the error comparator; 


— very low drop series regulator element util- 
izing current mirrors; 


permit high output impedance and then very 
low leakage current error even in power down 
condition. 


This output may therefore be used to supply 
circuits continuously, such as volatile RAMs, al- 
lowing the use of a back-up battery. The Vo, 
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CIRCUIT OPERATION (continued) 


regulator also features low consumption (0.6mA 
typ.) to minimize battery drain in applications 
where the V, regulator is permanently connected 
to a battery supply. 


The Vos output can supply other non essential 
5V circuits wich may be powered down when 
the system is inactive, or that must be powered 


Fig. 1 Vays: 


=V 


Vint ="In2 


Yor YR 


down to prevent uncorrect operation for supply 
voltages below the minimum value. 


The reset output can be used as a ‘7POWER 
DOWN INTERRUPT”, permitting RAM access 
only in correct power conditions, or as a ‘“’BACK- 
UP ENABLE” to transfer data into in a NV 
SHADOW MEMORY when the supply is in- 
terrupted. 


S$. 7769/1 
i : i THERMAL 
SWITCH 01 02 IN SHUT SWITCH 
ON OVERLOAD OVERLOAD | OVERLOAD DOWN OFF 


APPLICATION SUGGESTIONS 


Fig. 2 shows an application circuit for a pP 
system typically used in trip computers or in 
car radios with programmable tuning. 


Reg. 1 is permanently connected to a battery 
and supplies a CMOS time-of-day clock and a 
CMOS microcomputer chip with volatile memory. 


Reg. 2 may be switched OFF when the system 
is inactive. 


Fig. 4 shows the L4901A with a back up battery 
on the Vo, output to maintain a CMOS time-of- 
day clock and a stand by type N-MOS uP. The 
reset output makes sure that the RAM is forced 
into the low consumption stand by state, so the 
access to memory is inhibit ana the back up 
battery voltage cannot drop so low that memory 
contents are corrupted. 


In this case the main on-off switch disconnects 
both regulators from the supply battery. 


The L4901A is also ideal for microcomputer sys- 
tems using battery backup CMOS static RAMs. 
As shown in fig. 5 the reset output is used both to 
disable the uP and, through the address decoder 
M74HC138, to ensure that the RAMS are disabled 
as soon as the main supply starts to fall. 


Another interesting application of the L4901A is 
in uP system with shadow memories. (see fig. 6) 


When the input voltage goes below V,7, the 
reset output enables the execution of a routine 
that saves the machine’s state in the shadow 
RAM (xicor x 2201 for example). 


Thanks to the low consumption of the Reg. 1 
a 680uUF capacitor on its input is sufficient to 
provide enough energy to complete the operation. 
The diode on the input guarantees the supply 
of the equipment even if a short circuit on V, 
occurs. 
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APPLICATION SUGGESTION (continued) 
Fig. 2 


BATTERY 


CMOS 
MP WITH 
VOL ATILE 
RAM 


1 to10 uF 


sl 


RESET OUT 


3~7770 13 


Fig. 3 - P.C. board component layout of fig. 2 (1: 1 scale) 
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APPLICATION SUGGESTION (continued) 


Fig. 4 
| BATTERY 
BATTERY uP(3875-2875) 
Vop_ | WITH BATTERY 
RESET RAM 
Cr OTHER LOGIC 
iOnF L @ 5V 
$27771/2 
Fig. 5 


2 Bto3V 


OR TCSSE65 


TO 
OTHER 
SV CHIPS 


TO OTHER 
MEMORY 
CHIPS 
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APPLICATION SUGGESTION (continued) 


Fig. 6 


Fig. 7 - Quiescent current 
(Reg. 1) vs. output current 
G.5795 


Fig. 10 - Regulator 1 out- 
put current and short circuit 
current vs. input voitage 


Fig. 8 - Quiescent current 
(Reg. 1) vs. input voltage 
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) 3 6 9 2 18 Vy (Vv) 


Fig. 11 - Regulator 2 out- 
put current and short circuit 
input voltage 
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BACKUP 


$~-8055/2 


Fig. 9 - Total quiescent cur- 
rent vs. _ voltage 


aoe for oe 


Fig. 12 - Supply voltage 
rejection regulators 1 and 2 
vs, input ripple frequence 


G-5924/1 


a ee 
a ee | 
PL elses TAN | LT 
TH TNC 
a Nl 
TI LETTE TNT 
a 
a | 
I ET 
STi 


9/9 


307 


Ay/ vari st ata L4902A 


DUAL 5V REGULATOR WITH RESET AND DISABLE 


PRELIMINARY DATA 


® DOUBLE BATTERY OPERATING @ INPUT OVERVOLTAGE PROTECTION UP 
@ OUTPUT CURRENTS: I>, = 300mA oe 
loo =300MA  =—=—~—«® OUTPUT TRANSISTORS SOA PROTEC- 
®@ FIXED PRECISION OUTPUT VOLTAGE 5V ee 
+ 2% ® SHORT CIRCUIT AND THERMAL OVER- 


@ RESET FUNCTION CONTROLLED BY IN- LOAD PROTECTION 
PUT VOLTAGE AND OUTPUT 1 VOLTAGE ~The L4902A is a monolithic low drop dual 5V 


® RESET FUNCTION EXTERNALLY PRO- regulator designed mainly for supplying micro- 


GRAMMABLE TIMING PIOcessOl syste: 
Reset and data save functions and remote switch 
@ RESET OUTPUT LEVEL RELATED TO on/off control can be realized. 


OUTPUT 2 


© OUTPUT 2 INTERNALLY SWITCHED WITH 
ACTIVE DISCHARGING 


@ OUTPUT 2 DISABLE LOGICAL INPUT Pe y= SS Heptawatt 


@ LOW LEAKAGE CURRENT, LESS THAN 
UA AT OUTPUT 1 


@ RESET OUTPUT NORMALLY HIGH 


ORDERING NUMBER: L4902A 


ABSOLUTE MAXIMUM RATINGS 


VIN DC input voltage 28 V 
Transient input overvoltage (t = 40 ms) 60 V 

lo Output current internally limited 

Tstge Tj Storage and junction temperature -40 to 150 °C 


BLOCK DIAGRAM 


Vi © Vot 


DIS. 
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THERMAL & 
OVERVOL TAGE 
PROTECTION 
OUT4 
REFERENCE | 
VOLTAGE 
VIN SENSE OUTe 
COMPARATOR 
VOUT4 SENSE 
COMPARATOR sieen 
OUTPUT 
£4902: : LIB TIMING 
CAPACITOR 
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CONNECTION DIAGRAM 
(Top view) 


ees -—SC*—OUTPUT 1 
ed OUTPUT 2 
2» RESET 
TTC YW GROUND 
TTT D~—CéDISABLE INPUT 
TT duTIMING CAPACITOR 


INPUT 
S-7841 
PIN FUNCTIONS 
N° NAME FUNCTION 
1 INPUT 1 Regulators common input. 
2 TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged 


with a 5uA constant current. When Reg. 2 is switch- 
ed-OFF the delay capacitor is discharged. 


3 Vo2 DISABLE INPUT A high level (> V+) disable output Reg. 2. 
4 GND Common ground. 
5 RESET OUTPUT When pin 2 reaches 5V the reset output is switched high. 


5V 
Therefore trp = Cc, ( TOA ); trp (ms) = C, (nF). 


6 OUTPUT 2 5V - 300mA regulator output. Enabled if Vo 1> Var. 
DISABLE INPUT < Vp-yz and Vin > Viz. If Reg. 2 is 
switched-OFF the Coo capacitor is discharged. 


7 OUTPUT 1 5V - 300mA. Low leakage (in switch-OFF condition) 
output. 


THERMAL DATA 


Rth jecase Thermal resistance junction-case max 4 °C/W 
Gy, SGS-THOMSON a ee 
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TEST CIRCUIT 


ELECTRICAL CHARACTERISTICS (Vy = 14.4V, Tamp= 25°C unless otherwise specified) 


Parameter Test Conditions 


lLo1 Leakage output 1 current Vin = 0 
Voi < 3V 


AVoo = -100mV 


loi =10mA 
191 = 100mMA 
lo] = 300mMA 


Input threshold voltage 
hysteresis 


O< Vin < 13V 
7V < Vin <13V Vos LOW 
7V <Vin <13V Vo2 HIGH 
loi =!lo2 <5mMA 


VrtH Reset threshold hysteresis 
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ELECTRICAL CHARACTERISTICS (continued) 


ta Timing capacitor discharge C, = 10nF 
time 


Ip Voo disable input current Vp < 0.4V 
Vp 2 2.4V 


[tve, | Max. | Unit 


* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is 


lowered of 25mV under constant output current condition. 


APPLICATION INFORMATION 


In power supplies for uP systems it is necessary 
to provide power continuously to avoid loss 
of information in memories and in time of day 
clocks, or to save data when the primary supply 
is removed. The L4902A makes it very easy to 
supply such equipments; it provides two voltage 
regulators (both 5V high precision) with common 
inputs plus a reset output for the data save func- 
tion and a Reg. 2 disable input. 


CIRCUIT OPERATION (see Fig. 1) 


After switch on Reg. 1 saturates until Vo 
rises to the nominal value. 


When the input reaches V,; and the output 1 
is higher than Vaz the output 2 (Vgo) switches 
on and the reset output (Vp) also goes high after 
a programmable time Trp (timing capacitor). 


Vo2 and Vp» are switched together at low level 
when one of the following conditions occurs: 


— a high level (> Vp) is applied on pin 3; 


— an input overvoltage; 
— an overload on the output 1 (Vo; < Vez); 
— aswitch off (Vin < Vit = Vitu ); 


and they start again as before when the con- 
dition is removed. 


An overload on output 2 does not switch Reg. 2, 
and does not influence Reg. 1. 


The Vo; output features: 


— 5V internal reference without voltage divider 
between the output and the error comparator 


— very low drop series regulator element util- 
izing current mirrors 


permit high output impedance and then very 
low leakage current even in power down con- 
dition. 


This output may therefore be used to supply 
circuits continuously, such as volatile RAMS, al- 
lowing the use of a back-up battery. 
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CIRCUIT OPERATION (continued) 


The Vos output can supply other non essential 
5V circuits wich may be powered down when 
the system is inactive, or that must be powered 
down to prevent uncorrect operation for supply 
voltages below the minimum value. 


The reset output can be used as a ‘POWER 
DOWN INTERRUPT”, permitting RAM access 


Fig. 1 


PRO 


SWITCH 1 Vo2 
ON 


OVERLOAD 


APPLICATION SUGGESTION 


Fig. 2 illustrate how the L4902A's disable input 
may be used in a CMOS pComputer application. 


The Vo, regulator (low consumption) supply 
permanently a CMOS time of day clock and a 
CMOS pcomputer chip with volatile memory. 
Vo2' output, supplying non-essential circuits, is 
turned OFF under control of a uP unit. 


Configurations of this type are used in products 
where the OFF switch is part of a keyboard 
scanned by a micro which operates continuously 
even in the OFF state. 


Another application for the L4902A is supplying a 
shadow-ram microcomputer chip (SGS M38SH72 
for exemple) where a fast NV memory is backed 
up on chip by a EEPROM when a low level on 


IN 
OVERLOAD | OVERLOAD DOWN 


only in correct power conditions, or as a“’BACK- 
UP ENABLE” to transfer data into in a NV 
SHADOW MEMORY when the supply is in- 
terrupted. 

The disable function can be used for remote 
on/off control of circuits connected to the Vo» 
output. 


NTH 


mE 


ee cs 


SHUT Yo2 SWITCH 
DISABLE ! OFF S-784212 


the reset output occurs. 


By adding two CMOS-SCHMIDT-TRIGGER 
and few external components, also a watch dog 
function may be realized (see fig. 5). During 
normal operation the microsystem supplies a 
periodical pulse waveform; if an anomalous 
condition occours (in the program or in the 
system), the pulses will be absent and the disable 
input will be activated after a settling time de- 
termined by R1 C1. In this condition all the 
circuitry connected to Vos will be disabled, 
the system will be restarted with a new reset 
front. 


The disable of Vos prevent spurious operation 
during microprocessor malfunctioning. 
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APPLICATION SUGGESTION (continued) 
Fig. 2 
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Fig. 3 - P.C. board and component layout of the circuit of Fig. 2 (1: 1 scale) 
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APPLICATION SUGGESTION (continued) 


Fig. 4 
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APPLICATION SUGGESTION (continued) 


Fig. 6 - Quiescent current Fig. 7 - Quiescent current Fig. 8 - Supply voltage 
vs. output Current vs. input voltage rejection regulators 1 and 2 
vs. input ripple frequence 
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DUAL 5V REGULATOR WITH RESET AND DISABLE FUNCTIONS 


PRELIMINARY DATA 


® OUTPUT CURRENTS: I5, = 50mA ® RESET OUTPUT NORMALLY LOW 
bogs, SOOM ® OUTPUT TRANSISTORS SOA PROTEC- 
® FIXED PRECISION OUTPUT VOLTAGE TION 
+ 29 

aN. : ® SHORT CIRCUIT AND THERMAL OVER- 
@® RESET FUNCTION CONTROLLED BY IN- LOAD PROTECTION 

PUT VOLTAGE AND OUTPUT 1 VOLTAGE 
@® RESET FUNCTION EXTERNALLY PRO- The L4903 is a monolithic low drop dual 5V 

GRAMMABLE TIMING regulator designed mainly for supplying micro- 
® RESET OUTPUT LEVEL RELATED TO PRDEP SOU SYSTEMS: 

OUTPUT 2 Reset, data save functions and remote switch 
@ OUTPUT 2 INTERNALLY SWITCHED WITH On Oty Conteh Gate De teallece 


ACTIVE DISCHARGING 
@ OUTPUT 2 DISABLE LOGICAL INPUT 


@® LOW LEAKAGE CURRENT, LESS THAN 
WA AT OUTPUT 1 


@ INPUT OVERVOLTAGE PROTECTION UP 
TO 60V 


ABSOLUTE MAXIMUM RATINGS 


Vin DC input voltage V 
Vi Transient input overvoltage (t = 40 ms) 60 V 
Prot Power dissipation at Tamp= 50°C 1 W 
T stg. Tj Storage and junction temperature ~40 to 150 °C 


BLOCK DIAGRAM 


VixO C Yo! 


Vo2 


DIS.O 


O RESET 
O TIMING 
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CONNECTION DIAGRAM 
(Top view) 


INPUT 1 8 || outPuT1 


INPUT 2 7 || outeuT 2 


TIMING RESET 
CAPACITOR 6 | OUTPUT 
V 
ene 51) oisaBce 
INPUT 
$-9417 

PIN FUNCTIONS 

N° NAME FUNCTION 

1 INPUT 1 Low quiescent current 50mA regulator input. 

2 INPUT 2 100mA regulator input. 

3 TIMING CAPACITOR if Reg. 2 is switched-ON the delay capacitor is charged 
with a 10uUA constant current. When Reg. 2 is switched- 
OFF the delay capacitor is discharged. 

4 GND Common ground. 

5 Vo2 DISABLE INPUT A high level (> Vp-+7) disables output Reg. 2. 

6 RESET OUTPUT When pin 3 reaches 5V the reset output is switched low. 

5V 
Therefore tap = Cy Toul’ trp (ms) = C; (nF). 

7 OUTPUT 2 5V - 100mA regulator output. Enabled if Vo 1 > Vez. 
DISABLE INPUT < Voy and Vins > Viz. If Reg. 2 is 
switched OFF the Coo capacitor is discharged. 

8 OUTPUT 1 5V - 50mA regulator output with low leakage in switch- 


OFF condition. 


THERMAL DATA 


Thermal resistance junction-pin 4 
Thermal resistance junction-ambient max 


Rtn j-pin 
Rth j-amb 


100 °C/W 
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TEST CIRCUIT P.C. board and components layout 
of the test circuit (1 : 1 scale) 


O 
GND DIS RS V, 


2 ‘ot 


ELECTRICAL CHARACTERISTICS (Vy = 14,4V, Tamp= 25°C unless otherwise specified) 


Veo R load 1KQ 
loi Output current 1 max. (*) AVo1 = -100mV | 50 | 


lou Leakage output 1 current Vin = 0 
Voi < 3V 


lon Output current 2 max. (*) | AVgg = -100mV Ce 


Vio Output 1 dropout voltage (*) | Io, = 10mMA 0.7 0.8 V 
lo1 = 50mA 0.75 0.9 Vv 


VITH Input threshold voltage 
hysteresis 


AVoi Line regulation 1 


AVoo2 Line regulation 2 


a 


Load regulation 1 


AVo1 


AVoo Load regulation 2 


la Quiescent current 


O< Vin < 13V 
7V < Vin < 13V Voo LOW 
7V < Vin <13V Voo HIGH 
loi ae lo2 < 5mA 


6.3V < Ving < 13V 
Vin2 = 9 
loi < 5mA 


lai Quiescent current 1 
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ELECTRICAL CHARACTERISTICS (continued) 


VetH Reset threshold hysteresis 


ee 


Vo2 disable input current Vp 
VD 


=~. Thermal drift 


SVR1 Supply voltage rejection 
SVR2 Supply voltage rejection 


VRH Reset output voltage HIGH = 500KA Voo2-1 


ty Timing capacitor discharge C, = 10nF 
time 


-20°C < Tamb < 


a 
[Tis Themaisnoraown | —SSSSC—~—~SsS~sSSC*idt Cw] Sid; 


Mele 
x?) 


125°C 


* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is 
lowered of 25mV under constant output current conditions. 


APPLICATION INFORMATION 


In power supplies for uP systems it is necessary 
to provide power continuously to avoid loss 
of information in memories and in time of day 
clocks, or to save data when the primary supply 
is removed. The L4903 makes it very easy to 
supply such equipments; it provides two voltage 
regulators (both 5V high precision) with separate 
inputs plus a reset output for the data save func- 
tion and Reg. 2 disable input. 


CIRCUIT OPERATION (see Fig. 1) 


After switch on Reg. 1 saturates until Vo, rises 
to the nominal value. 

When the input 2 reaches V,7 and the output 1 
is higher than Vaz the output 2 (Vos and VR) 
switches on and the reset output (VR) goes low 
after a programmable time Trp (timing capacitor). 


Voa is switched at low level and Vp at high level 
when one of the following conditions occurs: 


— a high level (> Vp7) is applied on pin 5; 
— an input overvoltage; 

— an overload on the output 1 (Vo, < Ver); 
— a switch off (Vin < Vit = View): 


and they start again as before when the condi- 
tion is removed. 


An overload on output 2 does not switch Reg. 2, 
and does not influence Reg. 1. 


The Vo, output features: 


— 5V internal reference without voltage divider 
between the output and the error comparator 


— very low drop series regulator element util- 
izing Current mirrors 


permit high output impedance and then very 
low leakage current even in power down con- 
ditions. 


This output may therefore be used to supply 


Circuits continuously, such as volatile RAMs, al- 
lowing the use of a back-up battery. 
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CIRCUIT OPERATION (continued) 


The Vp output can supply other non essential 
5V circuits wich may be powered down when 
the system is inactive, or that must be powered 
down to prevent uncorrect operation for supply 
voltages below the minimum value. 


The reset output can be used as a “POWER 
DOWN INTERRUPT”, permitting RAM access 


Fig. 1 anu 


tro |, 


al 


Vou Yo2 


SWITCH 
ON OVERLOAD 


APPLICATION SUGGESTION 


Fig. 2 illustrates how the L4903’s disable input 
may be used in a CMOS yuComputer application. 


The Vo, regulator (low consumption) supply 
permanently a CMOS time of day clock and a 
CMOS .ucomputer chip with volatile memory. 
Voo output, supplying non-essential circuits, is 


OVERLOAD | OVERLOAD DOWN 


only in correct power conditions, or as a ‘‘BACK- 
UP ENABLE” to transfer data into in a NV 
SHADOW MEMORY when the supply is in- 
terrupted. 

The disable function can be used for remote 
on/off control of circuits connected to the Vo» 
output. 


Vols 


DISABLE ! OFF S-9419/1 


turned OFF under control of a uP unit. 


Configurations of this type are used in products 
where the OFF switch is part of a keyboard 
scanned by a micro which operates continuously 
even in the OFF state. 


Fig. 2 
CMOS 
_mP WITH 
VOL ATILE 
7 OUT 2 IN PORT RAM 
Cr 
10 nF ae 
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APPLICATION SUGGESTIONS (continued) 


Fig. 3 - Quiescent current Fig. 4 - Quiescent current 

(Reg. 1) vs. output current (Reg. 1) vs. input voltage 
i Ree eee serEe lay i= 
i) aan ease (ma) 


am 
ZR See eE 
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RPReke An 
lee en ae | 
Cina 


0 3 6 9 12 1§ 18 Vy (VY) 


er 
Sune ere 


ft) 25 50 Io,(mA) 


05 


Fig. 5 - Total quiescent Fig. 6 - Supply voltage re- 
current vs. input voltage jection regulators 1 and 2 
vs. input ripple frequence 
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DUAL 5V REGULATOR WITH RESET 


PRELIMINARY DATA 


@® OUTPUT CURRENTS: Ig; = 50mA @ RESET OUTPUT NORMALLY HIGH 
loz = 100mA @ OUTPUT TRANSISTORS SOA PROTEC- 
@ FIXED PRECISION OUTPUT VOLTAGE TION 
0 
BY + 2% © SHORT CIRCUIT AND THERMAL OVER- 
@ RESET FUNCTION CONTROLLED BY IN- LOAD PROTECTION 
PUT VOLTAGE AND OUTPUT 1 VOLTAGE 
@® RESET FUNCTION EXTERNALLY PRO- The L4904A is a monolithic low drop dual 5V 
GRAMMABLE TIMING regulator designed mainly for supplying micro- 
tems. 
@ RESET OUTPUT LEVEL RELATED TO PSF Systems 
OUTPUT 2 Reset and data save functions during switch on/ 


® OUTPUT 2 INTERNALLY SWITCHED WITH off can be realized. 
ACTIVE DISCHARGING 


@ LOW LEAKAGE CURRENT, LESS THAN 
1uA AT OUTPUT 1 


ere 

@® LOW QUIESCENT CURRENT (INPUT 1) inidip Plastic 

@ INPUT OVERVOLTAGE PROTECTION UP SESE GING HUMEE Ron. 
TO 60V 


ABSOLUTE MAXIMUM RATINGS 


DC input voltage 
Transient input overvoltage (t = 40 ms) 

lo Output current 

Prot Power dissipation at Tamp = 50°C 

Storage and junction temperature 


24 

60 

internally limited 
1 

-40 to 150 
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CONNECTION DIAGRAM 


L4904A 


(Top view) 
INPUT 1 g || ouTPUT 1 
INPUT 2 7 |]ouTPuT 2 
TIMING RESET 
CAPACITOR OUTPUT 
GND N.C. 
PIN FUNCTIONS 
N° NAME FUNCTION 
1 INPUT 1 Low quiescent current 50mA regulator input. 
2 INPUT 2 100mA regulator input. 
3 TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged 
with a 10uUA constant current. When Reg. 2 is switched- 
OFF the delay capacitor is discharged. 
4 GND Common ground. 
6 RESET OUTPUT When pin 3 reaches 5V the reset output is switched high. 
5V 
Therefore trp = CG, ( 10uA ); trp (ms) = Cy (nF). 
7 OUTPUT 2 5V - 100mA regulator output. Enabled if Vo 1 > Ver 
and Vino > Viz. If Reg. 2 is switched-OFF the Coo 
Capacitor is discharged. 
8 OUTPUT 1 5V - 50mA regulator output with low leakage in switch- 


OFF condition. 


THERMAL DATA 


Ren J-amb 


Thermal resistance junction-ambient 
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TEST CIRCUIT 
P.C. board and components layout 
of the test circuit (1: 1 scale) 


0.1 F ee 2 2pF — il 2.2pF 
i a me L 


V; DC operating input voltage 
Voi Output voltage 1 R load 1K2 
Vo2H Output voltage 2 HIGH R load 1KQ 


loi Output current 1 AVo1 = -100mV 


Vin = 0 


Vio1 Output 1 dropout voltage (*) | Io 
loi 

Vir Input threshold voltage 

VITH Input threshold voltage hyst. 

AVo1 Line regulation 

AVo2 Line regulation 2 

AVoi Load regulation 1 

AVoo2 Load regulation 2 

la 


Quiescent current 


ILo1 Leakage output 1 current 


0 < Vin < 13V 
7V < Vin < 13V 
lo2 = loi < 5mA 


lai Quiescent current 1 


Vin2z = 0 


loi < 5dmA loo = 


he a ISTA SGS-THOMSON 
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ELECTRICAL CHARACTERISTICS (continued) 


Vet Reset threshold voltage 
Very Reset threshold hysteresis 


SVR1 Supply voltage rejection 
f = 100Hz 


2 : Vr = 0.5V 
SVR2 Supply voltage rejection 


t 

Timing capacitor discharge C, = 10nF 

time 
AV 
—Ol_ Thermal drift -20°C < Tamp < 125°C 
AT 
AV 
ae Thermal drift -20°C < Tamp < 125°C 


tro Reset pulse delay C, = 10nF 


—_ 
—_ 


N 
oO 


o1 
oO 


| 
29 
CO WwW 


* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is 
lowered of 25mV under constant output current condition. 


APPLICATION INFORMATION 


In power supplies for uP systems it is necessary 
to provide power continuously to avoid loss 
of information in memories and in time of day 
clocks, or to save data when the primary supply 
is removed. The L4904A makes it very easy to 
supply such equipments; it provides two voltage 
regulators (booth 5V high precision) with separ- 
ate inputs plus a reset output for the data save 
function. 


CIRCUIT OPERATION (see Fig. 1) 


After switch on Reg. 1 saturates until Vo, 
rises to the nominal value. 


When the input 2 reaches V;z7 and the output 1 
is higher than Vaz the output 2 (Voo) switches 
on and the reset output (V_) also goes high after 
a programmable time Trap (timing capacitor). 


Vo2 and Vp are switched together at low level 
when one of the following conditions occurs: 


— an input overvoltage 


— an overload on the output 1 (Vo; < Ver); 
— aswitch off (Vin < Ver - Vitw); 


and they start again as before when the con- 
dition is removed. 


An overload on output 2 does not switch Reg. 2, 
and does not influence Reg. 1. 


The Vo, output features: 


— 5V internal reference without voltage divider 
between the output and the error comparator; 


— very low drop series regulator element util- 
izing Current mirrors; 


permit high output impedance and then very 
low leakage current even in power down con- 
ditions, 


This output may therefore be used to supply 
circuits continuously, such as volatile RAMs, al- 
lowing the use of a back-up battery. The Vo, 
regulator also features low consumption (0.6mA 


: 5/8 
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CIRCUIT OPERATION (continued) 


typ.) to minimize battery drain in applications 
where the V, regulator is permanently connected 
to a battery supply. 


The Vop output can supply other non essential 
5V circuits which may be powered down when 
the system is inactive, or that must be powered 
down to prevent uncorrect operation for supply 


Fig. 1 


Vin, ot 


Vint="In2 


Vor ane: 
~ ~ | 
VRT +— ary Si 7 ; 
| eth | 
| RTH | 
| | t 
| 
| 
| 
| | 
| | 
| 


voltages below the minimum value. 


The reset output can be used as a “POWER 
DOWN INTERRUPT”, permitting RAM access 
only in correct power conditions, or as a ““BACK- 
UP ENABLE” to transfer data into in a NV 
SHADOW MEMORY when the supply is in- 
terrupted, 


APPLICATION SUGGESTIONS 


Fig. 2 shows an application circuit for a uP 
system. 


Reg. 1 is permanently connected to a battery 
and supplies a CMOS time-of-day clock and a 
CMOS microcomputer chip with volatile memory. 


Reg. 2 may be switched OFF when the system 
is inactive. 


Fig. 3 shows the L4904A with a back up battery 


a ere ee, ISA SGS-THOMSON 


on the Vo; output to. maintain a CMOS time-of- 
day clock and a stand by type C-MOS pP. The 
reset output makes sure that the RAM is forced 
into the low consumption stand by state, so the 
access to memory is inhibit and the back up 
battery voltage cannot drop so low that memory 
contents are corrupted. 


In this case the main on-off switch disconnects 
both regulators from the supply battery. 
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APPLICATION SUGGESTIONS (continued) 


Application Circuits of a Microprocessor system (Fig. 2) or with data save battery (Fig. 3). The reset 
output provide delayed rising front at the turn-off of the regulator 2. 


Fig. 2 
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RAM 


RESET OUT 


S- 9414/1 


Fig. 3 
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APPLICATION SUGGESTIONS (continued) 
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Fig. 4 - Quiescent current 
(Reg. 1) vs. output current 


25 50 Ioy{mA) 


Fig. 6 - Total quiescent cur- 
rent vs. input voltage 


Fig. 5 - Quiescent current 
(Reg. 1) vs. input voltage 
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Fig. 7 - Supply voltage 
rejection regulators 1 and 2 
vs. input ripple meanence 
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DUAL 5V REGULATOR WITH RESET 


ADVANCE DATA 


@ DOUBLE BATTERY OPERATING @ RESET OUTPUT HIGH 
oe ee RENTS: lou 200m @ OUTPUT TRANSISTORS SOA PROTEC- 
loo =300mA TION 
@® FIXED PRECISION OUTPUT VOLTAGE 5V 
+ 1% iu ° @® SHORT CIRCUIT AND THERMAL OVER- 
@® RESET FUNCTION CONTROLLED BY IN- Pope ero 
PUT VOLTAGE AND OUTPUT 1 VOLTAGE The L4905 is a monolithic low drop dual 5V 
@® RESET FUNCTION EXTERNALLY PRO- regulator designed mainly for supplying micro- 
GRAMMABLE TIMING processor systems. 
@ RESET OUTPUT LEVEL RELATED TO Reset and data save functions during switch on/ 
OUTPUT 2 


off can be realized. 


@ OUTPUT 2 INTERNALLY SWITCHED WITH 
ACTIVE DISCHARGING 


@ LOW LEAKAGE CURRENT, LESS THAN / y 
1uA AT OUTPUT 1 = Heptawatt 
® LOW QUIESCIENT CURRENT (INPUT 1) 


@ INPUT GVERVOLTAGE PROTECTION UP 


TO 60V ORDERING NUMBER: L4905 


ABSOLUTE MAXIMUM RATINGS 


DC input voltage 28 V 
Transient input overvoltage (t = 40 ms) 60 V 
Output current internally limited 
Storage and junction temperature -40 to 150 


$~7767/2 
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CONNECTION DIAGRAM 
(Top view) 


PIN FUNCTIONS 


N° NAME 

1 INPUT 1 

2 INPUT 2 

3 TIMING CAPACITOR 
4 GND 

5 RESET OUTPUT 

6 OUTPUT 2 

7 OUTPUT 1 


THERMAL DATA 


Rth jecase Thermal resistance junction-case 


L4905 


OUTPUT 1 

OUTPUT 2 

RESET 

GROUND 

TIMING CAPACITOR 
INPUT 2 

INPUT 1 


FUNCTION 


Low quiescent current 200mA regulator input. 

300mA regulator input. 

lf Reg. 2 is switched-ON the delay capacitor is charged 
with a 10uUA constant current. When Reg. 2 is switch- 
ed-OFF the delay capacitor is discharged. 

Common ground. 

When pin 3 reaches 5V the reset output is switched high. 


5V 
Therefore tap =C, ( TOUA ); trp (ms) = C, (nF) 


5V - 300mA regulator output. Enabled if Vo 1> Var 
and Ving > Vit. If Reg. 2 is switched-OFF the Coo 
canacitor is discharged. 


5V - 200mA regulator output with low leakage (in 
switch-OFF condition). 
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TEST CIRCUIT 


S-9348/4 


ELECTRICAL CHARACTERISTICS (Ving = Vino = 14,4V, Tamp = 25° unless otherwise 
specified) 


Parameter Tart conttons | ain. 
Voi Output voltage 1 R load 1K2 S60: | 
Vo2H Output voltage 2 HIGH R load 1K 
loi Output current 1 AVoi1 =-100mV 


lLo1 Leakage output 1 current Vin = 0 
Voi <3V 


Ty 


Viol Output 1 dropout voltage (*) | 193 =10mA 0.7 
lo1 = 100mA 0.8 
lo, = 200mA 1.05 


Vit Input threshold voltage 


VITH Input threshold voltage hyst. 


AVo1 Line regulation 1 


AVo2 Line regulation 2 


AVoi1 Load regulation 1 


AVoo Load regulation 2 
la 


Quiescent current 


7V < Vin < 24V 


191 = 5mA 


5mMA < Io, < 200mA 


BMA < lop < 300mA 


0< Vin < 13V 
7V < Vin < 13V 
loo = oj < 5mA 


< 

le) 

_ 

+ 

= 

Ny 
ian + : 
Oo Oo 


lai Quiescent current 1 6.3V < Vinay < 13V 
ViN2 = 0 
loi < 5mA loo =0 


DO oe as G7 SGS- 
a Sf au omeOn 
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ELECTRICAL CHARACTERISTICS (continued) 


=<o1 Thermal drift 


SVR1 Supply voltage rejection 


SVR2 Supply voltage rejection 
T 


VRH Reset output voltage HIGH = 500uA 


Timing capacitor discharge = 10nF 
time 
-20°C < < 125°C 0.3 
08 
=02. Thermal drift -20°C < < 125°C me 93 | |mvire 


[so foe Pav 


* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is 
lowered of 25mV under constant output current condition. 


APPLICATION INFORMATION 


In power supplies for uP systems it is necessary 
to provide power continuously to avoid loss 
of information in memories and in time of day 
clocks, or to save data when the primary supply 
is removed. The L4905 makes it very easy to 
supply such equipments; it provides two voltage 
regulators (both 5V high precision) with separ- 
ate inputs plus a reset output for the data save 
function. 


CIRCUIT OPERATION (see Fig. 1) 


After switch on Reg. 1 saturates until Vo 
rises to the nominal value. 


When the input 2 reaches V7 and the output 1 
is higher than Vaz the output 2 (Voo) switches 
on and the reset output (Vp) also goes high after 
a programmable time Trp (timing capacitor). 


Vo2 and VR, are switched together at low level 
when one of the following conditions occurs: 


— an input overvoltage 


ky oS eae 


— an overload on the output 1 (Vo, < Vet); 
— aswitch off (Vin < Vit = View): 


and they start again as before when the con- 
dition is removed. 


An overload on output 2 does not switch Reg. 2, 
and does not influence Reg. 1. 


The Vo, output features: 

— 5V internal reference without voltage divider 
between the output and the error comparator; 

— very low drop series regulator element util- 
izing current mirrors; 


— permit high output impedance and then very 
low leakage current error even in power down 
condition. 


This output may therefore be used to supply 
circuits continuously, such as volatile RAMs, al- 
lowing the use of a back-up battery. The Vo, 
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CIRCUIT OPERATION (continued) 


regulator also features low consumption (0.6mA 
typ.) to minimize battery drain in applications 
where the V, regulator is permanently connected 
to a battery supply. 


The Vos output can supply other non essential 
5V circuits wich may be powered down when 
the system is inactive, or that must be powered 


Fig. 1 


Vint=“in2 


; pe 
: o} ! 

et ees = ~ ~ | 
“fF 

YRTH | 

| 

| 

1 

] 


a7! 


SWITCH 
ON OVERLOAD 


APPLICATION SUGGESTIONS 


Fig. 2 shows an application circuit for a uP 
system typically used in trip computers or in 
car radios with programmable tuning. 


Reg. 1 is permanently connected to a battery 
and supplies a CMOS time-of-day clock and a 
CMOS microcomputer chip with volatile memory. 


Reg. 2 may be switched OFF when the system 
is inactive. 


Vou Vo2 IN H 
OVERLOAD! OVERLOAD | DOWN 


down to prevent uncorrect operation for supply 
voltages below the minimum value. 


The reset output can be used as a “POWER 
DOWN INTERRUPT”, permitting RAM access 
only in correct power conditions, or as a ‘““BACK- 
UP ENABLE” to transfer data into in a NV 
SHADOW MEMORY when the supply is in- 
terrupted. 


S$ 7769/1 
THERMAL 


V SHUT 


Fig. 4 shows the L4905 with a back up battery 
on the Vo; output to maintain a CMOS time-of- 
day clock and a stand by type N-MOS uP. The 
reset output makes sure that the RAM is forced 
into the low consumption stand by state, so the 
access to memory is inhibit and the back up 
battery voltage cannot drop so low that memory 
contents are corrupted. 


In this case the main on-off switch disconnects 
both regulators from the supply battery. 


6/8 a 
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APPLICATION SUGGESTION (continued) 
Fig. 2 


CMOS 
wP WITH 
VOL ATILE 
RAM 


ie 1 tol0 uF 
C2 —— 
C5 V 
ml : 
3 
C3 
10 nF ‘1 LZ4905 |5 RESET OUT RESET 
4 
S-—10540 
Fig. 3 - P.C. board component layout of fig. 2 (1: 1 scale) 
CS-0242 
GND IN1 OUT2 GND 
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APPLICATION SUGGESTION (continued) 


Fig. 4 


Hi 


Fig. 5 - Quiescent current 
(Reg. 1) vs. output currerit 
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] <IuA 


IN1 
: , 
BATTERY 
0.22uF — 
ze Te 
IN 2 OUT 2 
d REG. 2 : 


$-10541 


Fig. 6 - Quiescent current 
(Reg. 1) vs. input voltage 
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a ees Motes 
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BACKUP 
BATTERY 


BACKUP 


OTHER LOGIC 
@ 5V 


C MOS 
CLOCK 


Fig. 7 - Total quiescent cur- 


rent vs. input voltage 
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VOLTAGE REGULATOR PLUS FILTER 


PRELIMINARY DATA 


a FIXED OUTPUT VOLTAGE 8.5 V 

m 250 mA OUTPUT CURRENT 

s HIGH RIPPLE REJECTION 

a» HIGH LOAD REGULATION 

m HIGH LINE REGULATION 

a» SHORT CIRCUIT PROTECTION 

a THERMAL SHUT DOWN WITH HYSTERESIS 
» DUMP PROTECTION 


DESCRIPTION 


This circuit combines both a filter and a voltage regu- 
lator in order to provide a high ripple rejection over a POWER MINIDIP 
wider input voltage range. (4 +4) 


A supervisor low-pass loop of the element prevents 
the output transistor from saturation at low input volt- 
ages. ORDER CODE :L4916 
The non linear behaviour of this control circuitry 
allows a fast settling of the filter. 


BLOCK DIAGRAM 


ij CURRENT 
LIMITING 


October 1988 1/6 
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PIN CONNECTION (top view) 


INPUT VOLTAGE || 1 


FILTERING 
CAPACITOR 
GROUND 


NC. 


OUTPUT 


ABSOLUTE MAXIMUM RATINGS 


Symbol 
Peak Input Voltage (300 ms) 
28 


Pont 
Tv [pe inputvotge SS SCSCSC—~—“—SCS—“CS~—CSC“—s~—~—s~isSSC“‘ Cd 
To | Output Current SSS tray Cite |_| 


THERMAL DATA 


Rth j-amb}| Thermal Resistance Junction-ambient Max 80 °C/W 
Rth j-pins|_ Thermal Resistance Junction-pins Max 20 °C/W 


216 
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ELECTRICAL CHARACTERISTICS (Tamp = 25 °C; V; = 13.5 V, test circuit of fig. 1, unless otherwise 
specified) 


ee. ee 


: Output Voltage V,=12to 18 V 
2 =5 to 150 mA 
AVio_-| Controlled Input-output =5to 10 V 
Dropout Voltage : =5 to 150 mA 
Line Regulation =12to18V 1 20 mV 
: _ 10 mA 


Load Regulation lp =5 to 250 mA 
ton = 30 US 
tofp =21mMs 


Load Regulation V,=85V 

(filter mode) o =9 to 150 mA 
ton = 30 US 
tofp =21mMs 


Quiescent Current =6to18V 0.05 mA 
Change : =5 to 150 mA 
AVo ; 
AT Output Voltage Drift o =10mMA mv/°C 
Vioc = 12 to 18 V 


SVR_ | Supply Voltage Rejection | Viac = 1 Vrms 
be dB 
Vioc =6 to 11 V 35(* dB 


f = 100 Hz 
Tae gf Ea 


= 150mA 
Switch On Time lo = 150 mA 
“4 =5to11V 500(* 
=11t0o 18 V son 
Thermal Shutdown 145 
Junction Temperature 


*) Depending of the Crt capacitor. 


saa 1: Test and Application Circuit. 


S 777612 
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Figure 2 : P.C. Board and Component Layout of Fig. 1 (1 : 1 scale). 
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PRINCIPLE OF OPERATION 
During normal operation (input voltage upper than 
Vimin = Vout nom + AVyo). The device works as a 
normal voltage regulator built around the OP 1 of the 
block diagram. 
The series pass element use a PNP-NPN connec- 
tion to reduce the dropout. The reference voltage of 
the OP1 is derived from a REF through the OP2 and 
Q3, acting as an active zener diode of value Vrer. 
In this condition the device works in the range (1) of 
the characteristic of the non linear drop control unit 
(see fig.3). 
The output voltage is fixed to its nominal value: 
R1 
Vout NoM = Vrer (1 + ——) = 

R2 

Ri) 
R2 


Vert (1 + 


a = INTERNALLY FIXED RATIO = 2.4 


The ripple rejection is quite high (70 dB) and inde- 
pendent from Crt value. 


On the usual voltage regulators, when the input vol- 
tage goes below the nominal value, the regulation 
transistors (series element) saturate bringing the 
system out of regulation making it very sensible to 
every variation of the input voltage. On the contrary, 
a control loop on the L4916 consents to avoid the 
saturation of the series element by regulating the 
value of the reference voltage (pin 2). In fact, when- 
ever the input voltage decreases below V| min the 
supervisor loop, utilizing a non linear OTA, forces 
the reference voltage at pin 2 to decrease by dis- 
charging Cert. So, during the static mode, when the 


input voltage goes below Vmin the drop out is kept 
fixed to about 1.6V. In this condition the device 
works as a low pass filter in the range (2) of the OTA 
characteristic. The ripple rejection is externally ad- 
justable acting on Cert as follows : 


SVR (jw) = Vi Gw) |_ 
Vout (jw) 
6 
he 10 
R1 
ee) 
jwCrT Re 


Where: 


gm =2.10° Q'' = OTA'S typical transconductance 
value on linear region 


R1 


R2 
Crt = value of capacitor in F 


The reaction time of the supervisor loop is given by 
the transconductance of the OTA and by Crt. When 
the value of the ripple voltage is so high and its ne- 
gative peak is fast enough to determine an istanta- 
neous decrease of the dropout till 1.2 V, the OTA 
works in a higher transconductance condition 
[range (3) of the characteristic] and discharge the 
Capacitor rapidously. 


lf the ripple frequency is high enough the capacitor 
won't charge itself completely, and the output volt- 
age reaches a small value allowing a better ripple 
rejection ; the device’s again working as a filter (fast 
transient range). 


With Crt = 10 uF; f = 100 Hz a SVR of 35 is ob- 
tained. 


= fixed ratio 
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Figure 3 : Nonliner Transfer Characteristic of the Drop Control Unit. 


1) Normal operating range (high ripple 
rejection) 
2) Drop controlled range (medium ripple 
rejection) 
5 -9619/2 3) Fast discharge of Crr 


Figure 4 : Supply Voltage Rejection vs. Input Figure 5 : Supply voltage Rejection vs. 
Voltage. Frequency. 
G-6241 G 5798 
(dB) lg =150mA (dB) 1) =100mA 
"ee ‘feet tT] 


Figure 6 : Vo vs. Supply Voltage. Figure 7 : Quiescent Current vs. Input Voltage. 
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Figure 8 : Dropout vs. Load Current. 
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Figure 9 : Inhibit Function Realized on Crt Pin. 
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VOLTAGE REGULATORS PLUS FILTER 


PRELIMINARY DATA 


mu FIXED OUTPUT VOLTAGE 8.5V 

a 250mA OUTPUT CURRENT 

am HIGH RIPPLE REJECTION 

a HIGH LOAD REGULATION 

a HIGH LINE REGULATION 

a SHORT CIRCUIT PROTECTION 

a THERMAL SHUT DOWN WITH HYSTERESIS 
a» DUMP PROTECTION 


DESCRIPTION 


The L491 8 combines both a filter and a voltage regu- 
lator in order to provide a high ripple rejection over a 
wider input voltage range. 

A supervisor low-pass loop of the element prevents PENTAWATT 
the output transistor from saturation at low input vol 
tages. 

The non linear behaviour of this control circuitry 
allows a fast setting of the filter. 


ORDER CODE : L4918 


7 CURRENT a 


BLOCK DIAGRAM 


; LIMITING 
THERMAL 
PROTECT. 


§-960791 
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PIN CONNECTION (top view) 


OUT 


N.C, 
s GND 
FILTER 


INPUT 


Vd 


(Tab connected to pin 3) 


Figure 1 : Application and Test Circuit. 
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ABSOLUTE MAXIMUM RATINGS 


Peak Input Voltage (800ms) 


[Unit | 

Eee ee 2 ay 

DC Voltage a ae 
Eo! 

aa 


| Prot Power Dissipation Internally Limited 
Storage and Junction Temperature — 40 to 150 


THERMAL DATA 


Thermal Resistance Junction-case Max 


2/4 
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ELECTRICAL CHARACTERISTICS (T.,, = 25 °C; V; = 13.5 V unless otherwise specified) 


= Input Voltage 


Line Regulation V.=12to 18V 
lo =10 mA 


Load Regulation 


V, = 8.5 V 


ton = 30 Us 


tof# =21mMs 


Tig | uiessont Conent _[lo-maSS~=~—SsSC—~‘SSC*‘d Cte 


Viac =1Vims 
f = 100 Hz 
lo = 150mA 


Short Circuit Current 


Thermal Shut Down 


(*) Depending of the Crt capacitor 


PRINCIPLE OF OPERATION 


During normal operation (input voltage upper than 
Vimin = Vout Nom + AVyo). The device works as a 
normal voltage regulator built around the OP1 of the 
block diagram. 


The series pass element use a PNP-NPN connec- 
tion to reduce the dropout. The reference voltage of 
the OP1 is derived from a REF through the OP2 and 
Q3, acting as an active zener diode of value Vrer. 
In this condition the device works in the range (1) of 
the characteristic of the non linear drop control unit 
(see fig.2). 

The output voltage is fixed to its nominal value: 


R1 
Vout nomM= VreF (1+ 5 ) =VerT(1+ Bo ) 


Ro INTERNALLY FIXED RATIO = 2.4 


ES a a ee ee 
oer: 


Output Voltage =12to18V 
: =5 to 150 mA 

AViyo | Controlled Input-output V.=5to10V 
rar Voltage lo =5 to 150 mA 


Load Regulation lo = 5 to 250 mA 
ton = 30 LS 
tofp =21Ms 


lo =5 to 150 mA 


Quiescent Current V,=6to18V 
Change lo =5 to 150 mA 


AV 


Supply Voltage Rejection 


V,=5to11V 
V,=11to 18 V 


Switch On Time lo = 150 mA 


a 


Vipc = 12 to 18 V 
Vipc =6 to11V 


The ripple rejection is quite high (71 dB) and inde- 
pendent from Crt value. 


On the usual voltage regulators, when the input volt- 
age goes below the nominal value, the regulation 
transistors (Series element) saturate bringing the 
system out of regulation making it very sensible to 
every variation of the input voltage. Onthe contrary, 
a control loop on the L4918 consents to avoid the 
saturation of the series element by regulating the 
value of the reference voltage (pin 2). In fact, when- 
ever the input voltage decreases below Vi min the 
supervisor loop, utilizing a non linear OTA, forces 
the reference voltage at pin 2 to decrease by dis- 
charging Crt. So, during the static mode, when the 
input voltage goes below Vain the drop out is kept 
fixed to about 1.6 V. In this condition the device 
works as a low pass filter in the range (2) of the OTA 
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characteristic. The ripple rejection is externally ad- 
justable acting on Cer as follows: 


Wi ( 
SVR (jw) =| 10M 
Vout (jw) |. 
10° 
ee i a ve 
gm 1 R1 
+ 
jwCrt Re 


Where: 
gm=2. 10°aQ' =OTA’S typical transconductance 
value on linear region 


R1 
— = fixed ratio 
R2 


Figure 2 : Nonliner Transfer Characteristic of the 
Drop Control Unit. 


Vin7 Yout 


3 


1) Normal operating range (high ripple rejection) 
2) Drop controlled range (medium ripple rejection) 
3) Fast discharge of Crr 


Figure 4 : Supply voltage Rejection vs. Input Volt- 
age. 


(dB) 


f=100HZ 
70 | v-=1V RMS 
60 


Crt = value of capacitor in uF 

The reaction time of the supervisor loop is given by 
the transconductance of the OTA and by Crt. When 
the value of the ripple voltage is so high and its ne- 
gative peak is fast/enough to determine an istanta- 
neous decrease of the dropout till 1.2V, the OTA 
works in a higher transconductance condition 
[range (3) of the characteristic] and discharge the 
capacitor rapidously. 

If the ripple frequency is high enough the capacitor 
won't charge itself completely, and the output vol- 
tage reaches a small value allowing a better ripple 
rejection; the device’s again working as a filter (fast 
transient range). 


With Cer = 10 pF ; f = 100 Hz a SVR of 35 is ob- 
tained. 


Figure 3 : Supply Voltage Rejection vs. Frequen- 


8 10 12 % 16 18 Ve, (V) 
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VERY LOW DROP ADJUSTABLE REGULATORS 


ADVANCE DATA 


a VERY LOW DROP VOLTAGE 

» ADJUSTABLE OUTPUT VOLTAGE FROM 
1.25V TO 20V 

=» 400mA OUTPUT CURRENT 

» LOW QUIESCENT CURRENT 

» REVERSE VOLTAGE PROTECTION 

a +60/-—60V TRANSIENT PEAK VOLTAGE 
PROTECTION 

a SHORT CIRCUIT PROTECTION WITH FOLD- 
BACK CHARACTERISTICS 

a» THERMAL SHUT-DOWN 


DESCRIPTION 


The L4920 and L4921 are adjustable voltage regu- 
lators with a very low voltage drop (0.4V typ. at 0.4A 
T; = 25°C), low quiescent current and comprehen- 


Minidip (4 + 4) 


sive on-chip protection. 

These devices are protected against load dump and 
field decay transients, polarity reversal and over 
heating. 

A foldback current limiter protects against load short 
circuits. 

The output voltage is adjustable through an exter- 
nal divider from 1.25V to 20V. The minimum opera- 


ORDER CODES : L4920 (Pentawatt) 
L4921 (Minidip) 


These regulators are designed for automotive, in- 
dustrial and consumer applications where low 
consumption is particularly important. 

In battery backup and standby applications the low 


ting input voltage is 5.2V (Ty = 25°C). consumption of these devices extends battery life. 


BLOCK DIAGRAM 


OUTPUT 


BANDGAP 

REFERENCE 
PREREGULATOR AND 
ERROR 


AMPLIFIER 


DUMP 
PROTECTION 


FOLOBACK 
CURRENT 
LIMITER 


THERMAL 
PROTECTION 
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ABSOLUTE MAXIMUM RATINGS 


V; DC Input Voltage 
DC Reverse Input Voltage 
Transient Input Overvoltages : 
Load Dump : 
5mS < trse < 10Ms 


t; Fall Time Constant = 100ms 
Rsource 2 0.52 

Field Decay : 

5ms < tran < 10mMs, Rsource 2 102 
t, Rise Time Constant = 33ms 


Junction and Storage Temperature Range — 55 to 150 


PIN CONNECTIONS (top view) 


sf OUTRPUL 


GROUND 


Ten connected to pin3 


TEST AND APPLICATION CIRCUIT 


S—7917 12 


C = 100uF is required for stability (ESR < 3Q over T range) 
R2= 6.2KQ. 


THERMAL DATA 


Minidip 
(44 4) Pentawatt | unit 


Rth j-amb Thermal Resistance Junction-ambient 80 60 
Rth j-pins Thermal Resistance Junction-pins 15 
Rthj-case | Thermal Resistance Junction-case 3.5 
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ELECTRICAL CHARACTERISTICS (forV, = 14.4V, T, = 25°C, V, = 5V, C, = 100uF, unless otherwise 
specified) 


[-Symbot [Parameter [Test Conaitions | win. | Typ. | Max | Uni 
V, j 


Operating Input Me > 4.5V Vo + 0.7 26 V 
Voltage lo = 400mA 
Vree < Vo < 4.5V 
lo = 400mMA 
VREF Reference Voltage 5.2V < V, < 26V .30 V 
5mA < Ip < 400mA (*) 


Line Regulation Vo +1V <V, < 26V Vo > 4.5V 
lp = 5mA 


lo = 10mA 
lp = 150mMA 
lp = 400mA 
lo =OmA 

Vo oa 


lo = 400mA ( 
Vo Geter 


Maximal Output 
Current 

Short ed Output 
Current (* 


(*) Foldback protection 


ELECTRICAL CHARACTERISTICS (forV, = 14.4V ;—- 40 <T, < 125°C (note 1), V,. = 5V ; 
C, = 100uF, unless otherwise specified) 


Operating Input 
Voltage 


Vo 2 4.5V 
o = 400mA 


Vo + 0.9 
Vrer < Vo < 4.5V 
lp = 400MmA 


Reference Voltage 5.4V <V, < 26V 


Line Regulation Vo + 1.2V < V, < 26V Vo = 4.5V 
o = 5mA 


Load | Load Regulation —_| 5mA S lo < 400mA ( o 2 4.5V oan 


Dropout Voltage 
lp = 150mMA 
3 = 400mA 


— 
+ 1.2V <V, < 26V 
, = 400mA ( 
+1.2V< ; < 26V 
Short ei Output 
Current ( 


(*) Foldback protection 


Note: 1. Design limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. 
These limits are not used to calculate outgoing quality levels. 


Quiescent Current 


Maximal Output 
Current 
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Figure 1 : Output Voltage vs. Temperature. 
Vo G-5872 
(Vv) 


(2 REEeRe 


ote ladda shedel 
LTT tT TT yy 
2 ee ee 
fe seea Ree 
ERREBE ROE 


-40-20 0 20 40 60 80 100 ff (° 


fe) 


) 


Figure 3 : Quiescent Current vs. Output Current 
(Vo = 5V). 
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APPLICATION INFORMATION 

1) The L4920 and L4921 have Vrer =1.25V. Then 
the output voltage can be set down to Vrer but 
Vi must be greater than 5.2V (T, = 25°C). 

2) As the regulator reference voltage source works 
in closed loop, the reference voltage may change 
in foldback condition. 

3) For applications with high Vi, the total power 
dissipation of the device with respect to the ther- 


Figure 2 : Foldback Current Limiting. 
N88L4AGZE-GB1 


PN W —- WwW A N 


mal resistance of the package may be limiting . The 
total power dissipation is : 


Prot = Vi lq + (Vi = Vo) lo 


A typical curve giving the quiescent current lg as a 
function of the output current lo is shown in fig. 3. 
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5V—-1A VERY LOW DROP REGULATOR WITH RESET 


ADVANCE DATA 


» VERY LOW DROP (max. 0.9V at 1A) OVER 
FULL OPERATING TEMPERATURE RANGE 
(— 40 <Tys125°C) 

» LOW QUIESCENT CURRENT (max 70mA at 
4A) OVER FULL T RANGE 

» PRECISE OUTPUT VOLTAGE (5V+4%) OVER 
FULL T RANGE 

» POWER ON-OFF INFORMATION WITH SET- 
TABLE DELAY 

» LOAD DUMP AND REVERSE BATTERY PRO- 
TECTION 

» SHORT CIRCUIT PROTECTION 

a THERMAL SHUTDOWN 


Pentawatt 


ORDER CODE : L4922 


The device is internally protected against load 


DESCRIPTION dumps transient of + 60V, reverse polarity, overhea- 


The L4922 is a high current monolithic voltage re- 
gulator with very low voltage drop (0.70V max at 1A, 
Ty = 25°C). 


BLOCK DIAGRAM 


a 
‘ 


AMP. 


RESET i 


M188L4922-81 


February 1989 


ting and output short circuit : thanks to these fea- 
tures the L4922 is very suited for the automotive and 
industrial applications. 


ANTI fl 
SAT. 


O @ 
RESET DELAY RESET OUTPUT 
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L4922 


ABSOLUTE MAXIMUM RATINGS 


DC Input Voltage 
DC Reverse Voltage 

Transient Input Overvoltage : 
Load Dump : 

5ms S trse < 10ms, 

t+ Fall Time Constant = 100ms, 
Rsource 2 0.52 


THERMAL DATA 


Symbol Parameter 


Thermal Resistance Junction-case 


PIN CONNECTION (top view) 


7 


Tab connected to 


FUNCTIONAL DESCRIPTION 


The operating principle of the voltage regulator is 
based on the reference, the error amplifier, the dri- 
ver and the power PNP. This stage uses an Isola- 
ted Collector Vertical PNP transistor which allows to 
obtain very low dropout voltage (typ. 450mV) and 
low quiescent current (la= 20mA typically atlo = 1A). 


Thanks to these features the device is particularly 
suited when the power dissipation must be limited 
as, for example, in automotive or industrial applica- 
tions supplied by battery. 


The three gain stages (operational amplifier, dri- 
- ver.and power PNP) require the external capacitor 
(Comin = 47uF) to guarantee the global stability of 
the system. 


Junction and Storage Temperature Range — 55 to 150 


35 V 
- 18 V 

V 
60 


ia “ow 


OUTPUT 

RESET DELAY 
GND 

RESET QUTPUT 


INPUT 


N@EBL4AGLZ2-GB2 


The antisaturation circuit allows to reduce drastical- 
ly the supply current peak which takes place during 
the start up. 


The reset function is LOW when the output voltage 
level is lower than the reset threshold voltage 
Vrthorr (typ. value : Vo —-150mV). When the output 
voltage is higher than Vrthon the reset becomes 
HIGH after a delay time settable with the external 
capacitor Cg. Typically tg = 20ms, Cg = 0.1uF. The 
reset and delay threshold hysteresis improve the 
noise immunity allowing to avoid false switchings. 
The typical reset output waveform is shown in fig. 1. 
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L4922 


ELECTRICAL CHARACTERISTICS (V, = 14. 4V, — 40°C < Tj < + 125°C unless otherwise specified 


ee ee 
ce ee 
Line Regulation 


SVR Supply Voltage Rejection lo = 700mA 
f = 120Hz 
Co =47pF 
Vi = 12Vdc + 5Vpp 


AVtLoap | Load Regulation lo = 10mA to 1A 


V,-— Vo. | Dropout Voltage Ty = 25°C, lo = 1A 
Over Full T, lo =1A 
Quiescent Current lo =10mA 
lo=1A 
V 


~~ 


; 
< 
T 


N 
- 
~~ 
© PP 


on 
= i, 3 = 


Short Circuit Current ee 


SC 
R Reset Output Saturation Ip = 16mA 
Voltage Vo < 4.75V 

tp 


per 
(ee) 


Reset Output Leakage Vo in Regul. 50 
Current (high level) 
| tp | Reset Pulse Delay Time | Cp = 100nF 20 aay 


Vathore | Power OFF Vo @ Reset out 4.75 Vo — 0.15 
Vo Threshold H to L Transition 
lop Delay Capacitor Charging V4 =3V 20 
Current (current generator) 
Vrthon | Power ON Vo @ Reset out Vrthore + 0.03V | Vo — 0.04V V 
Vo Threshold L to H Transition 
V4 Delay Comparator Reset out = "1" H to 3.2 3.8 V 
Threshold L Transition 
Reset out = "0" L to 3.7 4 4.4 V 
H Transition 
V4H Delay Comparator 500 mV 
Hysteresis 


(*) Note 1 : The device is not operating within the range : 26V < V, < 35V. 
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L4922 


Figure 1 : Typical Reset Output Waveform. 


N8EL 4922-83 


RESET DELAY 
N88L4922-84A 


(") RECOMMENDED VALUE : Co = 47u1F, ESR < 100hm, (lout > 10MA) OVER FULL Trange. 
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L4923 


5V—-1A VERY LOW DROP REGULATOR 


» VERY LOW DROP (max. 0.9V at 1A) OVER 
FULL OPERATING TEMPERATURE RANGE 
(- 40 <Ty < 125°C) 

a LOW QUIESCENT CURRENT (max 70mA at 
1A) OVER FULL T RANGE 

» PRECISE OUTPUT VOLTAGE (5V+4%) OVER 
FULL T RANGE 

» POWER ON-OFF INFORMATION WITH SET- 
TABLE DELAY 

» INHIBIT FOR REMOTE ON-OFF COMMAND 
(active high) 

a LOW STANDBY CURRENT 

» LOAD DUMP AND REVERSE BATTERY PRO- 
TECTION 

» SHORT CIRCUIT PROTECTION 

s THERMAL SHUTDOWN 


DESCRIPTION 


The L4923 is a high current monolithic voltage regu- 
lator with very low voltage drop (0.70V max at 1A, 
Ty = 25°C). 


The device is internally protected against load dump 
transient of + 60V, reverse polarity, overheating 


BLOCK DIAGRAM 


WITH RESET AND INHIBIT 


ADVANCE DATA 


Heptawatt 


ORDER CODE : L4923 


and output short circuit : thanks to these features 
the L4923 is very suited for the automotive and in- 
dustrial applications. 


The reset function is very useful for power off and 
power on information when supplying a micropro- 
cessor. 


The inhibit function reduces drastically the con- 
sumption when no load current is required : typically 
the standby current value is 300A. 


pe gaeeioua kl 


PROT. e START gos) 
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L4923 


ABSOLUTE MAXIMUM RATINGS 


DC Input Voltage 

DC Reverse Voltage - EF 
Transient Input Overvoltage : 

Load Dump : 

5ms < trise < 10ms, 

t Fall Time Constant = 100ms, 

Rsource >= 0.5Q 


Junction and Storage Temperature Range — 55 to 150 i ee 


THERMAL DATA 


Thermal Resistance Junction-case Max 


PIN CONNECTION (top view) 


OUT 

DELAY CAPACITORS 
N.C. 

GND 

INHIBIT 

RESET OUT 

INPUT 


TAB CONNECTED TO PIN 4 N@S8L4AI23-G2 


Figure 1 : Application Circuit. 


RESET DELAY 


NEELAIZI-B4 


(*) RECOMMENDED VALUE : Co = 47uF, ESR < 10Q, (lout > 10MA) OVER FULL Trange. 
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L4923 


ELECTRICAL CHARACTERISTICS (V, = 14. 4V, — 40°C < Tj < + 125°C unless otherwise specified) 


| Symbol | _Parameter__———|_Test Conditions | Min. | Typ. | Max. | Unit | 

| Vi | Operating Input Voltage | (“Notes | | 

| Ye_| Ouputvotage _la=somhiova _{ 4 { __| 82 _| Vv 
f = 120Hz 

BN ES a A a Te 


[vase | tie Reguten | Wieseaey sas Pv 
- eal 
Over Ful est os 


SVR Supply Voltage Rejection : = 700MA 
Quiescent Current 


Active High Inhibit 


Short Circuit Current [ean | aaa ee ae ee 
Vr Reset Output Saturation lp =16mA 
Voltage Vo < 4.75V 
Reset Output Leakage Current] Vo. in Regul. 
(high level) 


Sa Reset Pulse Delay Time Cp = 100nF 


Vrthore | Power OFF V, Threshold Vo @ Reset out H to L - = 15 
Transition 
Delay Capacitor Charging Vg =3V 
Current (current generator) 
VRthoNn Power ON V, Threshold Vo @ Reset out L to H VithOFF + | Vo — 0.04V 
Transition 0.03V 
Delay Comparator Threshold Reset out = "1" H to L 3.2 3.8 V 
Transition 
Reset out = "0" L to H 
Transition 


(“Wer | Deay Conparciortiseress | S~YSSSCi Ca 
[Vin [tow init votage | SSC~iSSC*‘iSSCSCi‘irCi 
[Vian [ High inst Votage iP SSSSSCSCSCS~sS Pi 
[tnx [Low Level inhibit Current | Vnnuwoav | --40 | -t0 [aa 
inns [High Level inhibit Current [Vinwe2av + ——Sidt 


(*) Note 1 : The device Is not operating within the range : 26V < V,< 35V. 
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FUNCTIONAL DESCRIPTION 


The operating principle of the voltage regulator is 
based on the reference, the error amplifier, the 
driver and the power PNP. This stage uses an Iso- 
lated Collector Vertical PNP transistor which allows 
to obtain very low dropout voltage (typ. 450mV) and 
low quiescent current (la = 20mA typically at 
lo = 1A). 


Thanks to these features the device is particularly 
suited when the power dissipation must be limited 
as, for example, in automotive or industrial applica- 
tions supplied by battery. 


The three gain stages (operational amplifier, driver 
and power PNP) require the external capacitor 
(Co = 47pF) to guarantee the global stability of the 
system. 


The antisaturation circuit allows to reduce drastically 
the supply current peak which takes place during 
the start up. 


Figure 2 : Typical Reset Output Waveform. 


The reset function is LOW when the output voltage 
level is lower than the reset threshold voltage 
Vrthorr (typ. value : Vo - 150mV). When the output 
voltage is higher than Vrthon the reset becomes 
HIGH after a delay time settable with the external 
capacitor Ca. Typically tg = 20ms, Ca = 0.1uF. The 
reset and delay threshold hysteresis improve the 
noise immunity allowing to avoid false switchings. 
The typical reset output waveform is shown in fig. 2. 


The inhibit circuit accepts standard TTL input le- 
vels : this block switches off the voltage regulator 
when the input signal is HIGH and switches on it 
when the input signal is LOW. Thanks to inhibit func- 
tion the consumption is drastically reduced (650uA 
max) when no load current is required. 


N8EL 4923-83 
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5V VERY LOW DROP VOLTAGE REGULATOR 


ADVANCE DATA 


s OUTPUT VOLTAGE PRECISION 5V + 2% 

» VERY LOW QUIESCENT CURRENT, LESS 
THAN 250uA 

s OUTPUT CURRENT : lo = 500mA 

» VERY LOW DROPOUT (max 0.6V) 

a OPERATING TRANSIENT SUPPLY VOLTAGE 
UP TO 40V 

» POWER-ON RESET CIRCUIT SENSING THE 
OUTPUT VOLTAGE 

» POWER-ON RESET DELAY PULSE DEFINED 
BY THE EXTERNAL CAPACITOR 

s THERMAL SHUTDOWN AND SHORT CIRCUIT 
PROTECTIONS 


PENTAWATT 


ORDER CODES : L4925H (Horizontal version) 
L4925 (Vertical version) 


PIN CONNECTION 


VOUT 
RESET 
GND 
CT 

Us 


MESL4AG2Z25-B2 


DESCRIPTION 


The L4925 is a monolithic integrated voltage regu- 
lator with a very low dropout output and additional 
functions such as power-on reset and programm- 
able reset delay-time. It is designed for supplying 
microcomputer controlled systems specially in auto- 
motive applications. 
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L4925 


ABSOLUTE MAXIMUM RATINGS 


Vs DC Supply Voltage 
Transient Supply Overvoltages : 
Load Dump : 
5ms < trnse < 10ms 


t; Fall Time Constant = 100ms 
RsouRCE > 0.50 


Junction and Storage Temperature Range 


Reset Voltage 
| tres | Reset Current 


Note : The circuit is ESD protected according to MIL-STD-883C. 


THERMAL DATA 


Thermal Resistance Junction-case Max 


APPLICATION CIRCUIT 


MA9L4925-A4 
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ELECTRICAL CHARACTERISTICS(Vs, = 14V ;— 40°C < T, 125°C unless otherwise specified). 


[Symiai[——Paranster [test Condos [ins [Typ. [x [ont 


. Output Voltage 6V < Vin < 25V 4.90 5.00 5.10 
1mA < Ilo < 500mA 
Dropout Voltage 0.2 0.3 V 
0.3 0.6 V 


lo = 100mA 
lo =500mA 
Input to Output Voltage Vin = 4V, lo = 350mA V 
Difference in Undervoltage 
Condition 
Line Regulation 6V < Vin < 25V 
lo =1mA 
Load Regulation 5mA < lo < 500mA f5mA<Io<500mA = (si‘iYt | 8] 
Current Limit Vo = 4.5V (note 1) | 550 | 1000 | 1500 ae 


Tiose | Quiescent Current (| lo =08ma;T,< 100% | +140 | 250 | wa 
[lo [Quiescent Current [lo s0oma——SS*dSSS*SS | 


RESET 


[Symbol] Parameter |_—TestConditions | Min. | Typ. | Max. | Unit 
| Var_| Reset Threshold Voltage | | | | 4 | 
| Varn | Reset Threshold Hysteresis | | 80 | 100 *| 200 | mv 
| tro | Reset Pulse Delay | Cr =100nF jta> toms | 60_| 100 | 140 | ms _| 
tan Reset Reaction Tine __} Gr=t00nf__{ 4 | 40 | so | ws 


Reset Output LOW Voltage Rres = 10KQ to Vo 0.4 
ee > 2V 


Reset Output HIGH Leakage /Vnes=5V0— (wstst~*~‘i:*‘*C' = 5V 
Delay Comparator Threshold ee oe oe 


Vetth, hy| Delay Comparator Threshold 100 
Hysteresis 


Note: 1. Foldback characteristic. 


Figure 1 : Output Voltage vs. Input Voltage. 
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L4925 


FUNCTIONAL DESCRIPTION 


The L4925 is based on the SGS-THOMSON 
Microelectronics modular voltage regulator ap- 
proach. Several outstanding features and auxiliary 
functions are provided to meet the requirements of 
supplying the microprocessor systems used in auto- 
motive applications. 


OUTPUT VOLTAGE REGULATOR 


The output voltage regulator uses an Isolated Col- 
lector Vertical PNP transistor as a regulating ele- 
ment. This structure allows a very low dropout 
voltage at currents up to 500mA. The dropout oper- 
ation of the output regulator is maintained down to 
2V input supply voltage. The output voltage is regu- 
lated up to the transient input supply voltage of 40V. 
This feature avoids functional interruptions which 
could be generated by overvoltage pulses. 


The typical curve of this output voltage as a function 
of the input supply voltage is shown in fig. 1. 


The current consumption of the device (quiescent 
current) is less than 250uA. The dropout voltage is 
controlled to reduce the quiescent current peak in 
the undervoltage region and to improve the transient 
response in this region. 


The quiescent current is shown in fig. 2 as a func- 
tion of the supply input voltage. 


RESET CIRCUIT 


The block circuit diagram of the reset circuit is shown 
in fig. 3. The reset circuit supervises the output volt- 
age. The reset threshold of 4.7V is defined by the 
internal reference voltage. 


The reset pulse delay time trp, is defined by the 
charge time of an external capacitor Cr : 


Cr-2V 
tRpD = DuA 


The reaction time of the reset circuit depends on the 
discharge time limitation of the reset capacitor Cr 
and is proportional to the value of Cr. 


The reaction time of the reset circuit increases the 
noise immunity. 


In fact, if the standby output voltage drops below the 
reset threshold for a time shorter than the reaction 
time trr, no reset output variation occurs. The nomi- 
nal reset delay is generated for standby output volt- 
age drops longer than the time necessary for the 
complete discharging of the capacitor Cr. This time 
is typically equal to 50us if Cr = 100nF. The typical 
reset output waveforms are shown in fig. 4. 


Figure 2 : Quiescent Current vs. Supply Voltage. 


18 
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Figure 3 : Block Diagram of the Reset Circuit. 


REF 1.23U 


M89L4925-872 


Figure 4 : Typical Reset Output Waveforms. 


VINPUT 


MOS 4925-86 
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DUAL MULTIFUNCTION VOLTAGE REGULATOR 


ADVANCE DATA 


a STANDBY OUTPUT VOLTAGE PRECISION 5V 
+ 2% 

a OUTPUT 2 TRACKED TO THE STANDBY OUT- 
PUT 

a OUTPUT 2 DISABLE FUNCTION FOR STAND- 
BY MODE 

a VERY LOW QUIESCENT CURRENT, LESS 
THAN 250A, IN STANDBY MODE 

a OUTPUT 2 VOLTAGE SETTABLE FROM 5 TO 
20V 

a OUTPUT CURRENTS : lo; = 50mA, loz = 500mA 

a» VERY LOW DROPOUT (max 0.4V/0.6V) 

a» OPERATING TRANSIENT SUPPLY VOLTAGE 
UP TO 40V 

=» PROGRAMMABLE RESET THRESHOLD 

a POWER-ON RESET CIRCUIT SENSING THE 
STANDBY OUTPUT VOLTAGE 

m POWER-ON RESET DELAY PULSE DEFINED 
BY THE EXTERNAL CAPACITOR 

a EARLY WARNING OUTPUT FOR SUPPLY 
UNDERVOLTAGE 

a THERMAL SHUTDOWN AND SHORT CIRCUIT 
PROTECTIONS 


PIN CONNECTIONS (top view) 


> 
Oo re 


3 
8 
7 
6 
S 
4 
3 
2 
1 


TAB CONNECTED TO PIN 6 MBEL4A926-87N 


(Multiwatt—1 1) 


March 1989 


Multiwatt 1 1 Powerdip (12+2+2) 


ORDER CODES : L4926 (Multiwatt—1 1) 
L4928 (Powerdip 124242) 


DESCRIPTION 


The L4926/28 are monolithic integrated dual voltage 
regulators with two very low dropout outputs and ad- 
ditional functions such as power-on reset and input 
voltage sense. They are designed for supplying 
microcomputer controlled systems specially in auto- 
motive applications. 


MNESL 4978-87 


(Powerdip 12+2+2) 
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BLOCK DIAGRAM 


SENSE 
(optional) 


NBBL4926-81A 


THERMAL DATA 


Rth j-c Thermal Resistance Junction - case (MW11) 
Rth u-A Thermal Resistance Junction Ambient 
(power DIP 12 + 2 + 2) 
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ABSOLUTE MAXIMUM RATINGS 


ime eee ee ees eee 


DC Supply Voltage 
Transient Supply Overvoltages : 
Load Dump : 


5ms < tise < 10mMs 
t Fall Time Constant = 100ms 
Rsource 2 0.5Q 


Sense Input Current (Vs; < — 0.3V or Vs > Vs mA 
—_ Enable Input Current (Ven < — 0.3V) 
Reset and Sense Output Voltage 
Reset and Sense Output Current A 

T,, Tstg Junction and Storage Temperature Range | = 55to150 = | eC 


Power Dissipation (Ta = 80°C, Tth heatsink = 9O°C/W) MW11 W 
Power DIP 12+2+2 . mw 


Note : The circuit is ESD protected according to MIL-STD-883C. 


APPLICATION CIRCUIT 


Cs > 1pF ; Cor 2 GF ; Coo > 10nF, ESR < 102 N8EL4926-83A 
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L4926/8 


ELECTRICAL CHARACTERISTICS (Vs = 14V ;-— 40°C < T; < 125°C unless otherwise specified) 


Symbol Test Conditions | Min. 
Operating Supply Voltage a ae 
Standby Output Voltage Ty = 25°C ;lo1 = 1MA 5.00 


Voi Standby Output Voltage 6V < Vs < 25V 4.90 5.00 5.10 V 
1mA < lo; < 50mA 
Voe2 - Vo1 | Output Voltage 2 Tracking Error] 6V < Vss 25V cabs + 25 mV 


seh 
Oo 
oa 
- 


(note 1) 5mA < lo2 < 500mMA 
Enable = LOW 


ADJ Input Current lor = 1MA ; loz =5mMA 


Vop1 Dropout Voltage 1 lo1 = 10mMA 
loi =50mA 


Vio1 Input to Output Voltage Vs =4V, loi =35mA 
Difference in Undervoltage 
Condition 


Vpp2 Dropout Voltage 2 loz = 100mA 
loo = 500mA 


Vs =4V, loz = 350MA 


Input to Output Voltage 
Difference in Undervoltage 
Condition 


VoL 12 Line Regulation 6V < Vs < 25V 
loi = 1MA, loo =5mA 


Load Regulation 1 imA <lo1 < 50mA 
Load Regulation 2 SMA < loz < 500mA 
Current Limit 2 |Voo=0V | 8850 | 1000 | 1500 | mA_| 
lass Quiescent Current Standby lo1 =0.38mA ; Ty < 100°C 
PR Open 140 250 LA 
PR Grounded 155 280 LA 
ENABLE 
Symbol Test Conditions Min. | Typ. | Max. | Unit | 
| Venn _| Enable Input HIGH | Enable Input HIGH Voltage _| Rae = he ote 
Enable Hysteresis ee ee 


ILim1 Current Limit 1 Vo1 =4.5V 55 100 200 mA 
Vo1 = OV (note 2) 20 40 80 mA 
Mode (output 2 disabled) Ven 2 2.4V 
Quiescent Current loi = 50mA 20 mA 
lo2 = 500mA 
VENL Enable Input LOW Voltage 
en eee 2 active) 
Enable Input Current OV < Ven < 1.2V - ~ : o | —0.5 
2.5V < Ven < 7V +1 
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RESET 


Reset Threshold Hysteresis 


trp 

tar 

VR 
Reset Output HIGH Leakage 
Delay Comparator Threshold 


Delay Comparator Threshold 
Hysteresis 


Vetth, hyst 


SENSE 


Vert Reset Threshold Voltage PR Open 
(note 3) PR Grounded 


| tap _| Reset Pulse Delay Cr=100nF ;ta>t0os | 60 | 100 | 140 | ms _| 
| otra Reset Reaction Time Cr = 100nF 


Reset Output LOW Voltage Rres = 10KQ to Vo; 
Vs 2 2V 


[Vees=SV00 Tt 
ee 


L4926/8 


4.5 4.7 4.9 
3.1 3.3 3.5 


Sense Threshold Hysteresis 


Vso. Sense Output LOW Voltage Vs < 1.16V ; Vs = 3V 
Rso = 10KQ to Vo; 


Iso Sense Output Leakage Vso = 


BV 3: Vs; > 1.5V 


Sense Input Current 


Note: 1: Voz connected to ADJ.Vo2 can be set to higher values by inserting an external resistor divider. 


2 : Foldback characteristic 


3 : The reset threshold can be varied continuously from 3.3V to 4.7V by connecting an external resistor from pin PR to GND. 


FUNCTIONAL DESCRIPTION 


The L4926/8 are based on the SGS-THOMSON 
Microelectronics modular voltage regulator ap- 
proach. Several out-standing features and auxiliary 
functions are provided to meet the requirements of 
supplying the microprocessor systems used in auto- 
motive applications. 


Furthermore the device is suitable also in other ap- 
plications requiring two stabilized voltages. 


The modular approach allows other features and 
functions to be realized easily when required. 


STANDBY REGULATOR 


The standby regulator uses an Isolated Collector 
Vertical PNP transistor as the regulating element. 
This structure allows a very low dropout voltage at 
currents up to 50mA. The dropout operation of the 
standby regulator is maintained down to 2V input 
supply voltage. The output voltage is regulated up 
to the transient input supply voltage of 40V. This fea- 
ture avoids functional interruptions which could be 
generated by overvoltage pulses. 


The typical curve of the standby output voltage as a 
function of the input supply voltage is shown in fig. 1. 


The current consumption of the device (quiescent 
Current) is less than 250uA when output 2 is dis- 
abled (standby mode). The dropout voltage is con- 
trolled to reduce the quiescent current peak in the 
undervoltage region and to improve the transient 
response in this region. 


The quiescent current is shown in fig. 2 as a func- 
tion of the supply input voltage 2. 


OUTPUT 2 VOLTAGE 


The output 2 regulator uses the same output struc- 
ture as the standby regulator, but rated for an out- 
put current of 500mA. 


The output 2 regulator works in tracking mode with 
the standby output voltage as a reference voltage 
when the output 2 programming pin ADJ is con- 
nected to Voz. By connecting a resistor divider Ri, 
Re to the pin ADJ as shown in fig. 3, the output volt- 
age 2 can be programmed to the value : 


Vo2 = Voi (1 + Ri/Re) 


The output 2 regulator can be switched off via the 
Enable input. 
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Figure 1 : Output Voltage vs. Input Voltage. 


1BVU 


N88L4926-B4—~A 


Figure 2 : Quiescent Current vs. Supply Voltage. 


OUT2-8U 


OUT2 DISABLED 
RL=i18KR 


18 
M88L4976-85A 


{188L4AS2E-E8 


se a Ss-THOMSON 
IF MICROELECTRONICS 
374 


RESET CIRCUIT 


The block circuit diagram of the reset circuitis shown 
in fig. 4. The reset circuit Supervises the standby out- 
put voltage. The reset threshold of 4.7V is defined 
by the internal reference voltage and the standby 
output divider, when the pin PR is left open. The 
reset threshold can be programmed in the range 
3.3V - 4.7V by connecting an external resistor Rpr 
from PR to GND. Rer value can be calculated by : 


22k 
RprR = 4.7V 
oar 


VRt 


The reset pulse delay time trp, is defined by the 
charge time of an external capacitor Cr : 


— 51.9K, 3.3V < Vat <4.7V 


Crx2vVv 
tRD = ~ ona 


The reaction time of the reset circuit depends on the 


Figure 4 :Block Diagram of the Reset Circuit. 


REF 1.23U 


L4926/8 


discharge time limitation of the reset capacitor Cr 
and is proportional to the value of Cr. 


The reaction time of the reset circuit increases the 
noise immunity. In fact, if the standby output voltage 
drops below the reset threshold for a time shorter 
than the reaction time tar, no reset output variation 
occurs. The nominal reset delay is generated for 
standby output voltage drops longer than the time 
necessary for the complete discharging of the capa- 
citor Cr. This time is typically equal to 50us if Cr 
= 100nF. The typical reset output waveforms are 
shown in fig. 5. 


SENSE COMPARATOR 


This circuit compares an input signal with an inter- 
nal voltage reference of typically 1.23V. The use of 
an external voltage divider makes the comparator 
very flexible in the application. This function can be 
used to supervise the input voltage - either before 
or after the protection diode - and to give additional 
information to the microprocessor such as low volt- 
age warnings. 
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Figure 5 : Typical Reset Output Waveforms. 
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DUAL MULTIFUNCTION VOLTAGE REGULATOR 


ADVANCE DATA 


a STANDBY OUTPUT VOLTAGE PRECISION 5V 
+ 2% 

» OUTPUT 2 TRACKED TO THE STANDBY OUT- 
PUT 

a OUTPUT 2 DISABLE FUNCTION FOR STAND- 
BY MODE 

a VERY LOW QUIESCENT CURRENT, LESS 
THAN 250nA, IN STANDBY MODE 

a OUTPUT CURRENTS: lo1 = 50mA, lo2 = 500mA 

a VERY LOW DROPOUT (max 0.4V/0.6V) 

a OPERATING TRANSIENT SUPPLY VOLTAGE 
UP TO 40V 

a POWER-ON RESET CIRCUIT SENSING THE 
STANDBY OUTPUT VOLTAGE 

» POWER-ON RESET DELAY PULSE DEFINED 
BY THE EXTERNAL CAPACITOR 

a THERMAL SHUTDOWN AND SHORT CIRCUIT 
PROTECTIONS 


PIN CONNECTION (top view) 


Heptawatt 
ORDER CODE : 14927 


DESCRIPTION 


The L4927 is a monolithic integrated dual voltage 
regulators with two very low dropout outputs and ad- 
ditional functions such as power-on reset and input 
voltage sense. It is designed for supplying micro- 
computer controlled systems specially in automo- 
tive applications. 
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BLOCK DIAGRAM 


N89L4927-G81 


THERMAL DATA 


Thermal Resistance Junction-case Max 


. 
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ABSOLUTE MAXIMUM RATINGS 


Symbol| Parameter | Value nit | 
Vs D.C. Supply Voltage 28 V 
Transient Supply Voltage (T < 1s) 40 V 


Enable Input Current (Ven < — 0.3V) 
| Pp | Power Dissipation (T, = 80°C, Rin heatsink = 90°C/W) 


Note : The circuit is ESD protected according to MIL-STD-883C. 


APPLICATION CIRCUIT 


MNEGL4927-83 


Cs = 1pF , Co1 > 6yF , Coe = 10UF, ESR < 102 
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ELECTRICAL CHARACTERISTICS (Vz = 14V ; —- 40°C <T; < 125°C unless otherwise specified). 


Parameter Test Conditions 
Operating Supply Voltage | 


6V < Vs < 25V 5.00 
1mA < loi < 50mMA 


5.10 
Output Voltage 2 Tracking Error] 6V < Vs < 25V + 25 
(note1) 5mA < loz < 500mA 
Enable = LOW 


Vop1 Dropout Voltage 1 lo1 = 10mA 
loi = 50mA 


Vio1 Input to output Voltage Vs =4V, lo1 = 35mA 
Difference in Undervoltage 
Condition 
Vppe2 Dropout Voltage 2 loz = 100mMA 
loz = 500mA 


Vio2 Input to output Voltage Vs =4V, loz = 350mA 
Difference in Undervoltage 
Condition 


Vot1 2 | Line Regulation 6V < Vs < 25V 
loi = 1mA, lo2 =5mA 
Load Regulation 1 1mA < loi < 50mA 
Load Regulation 2 SMA S loz < S500MA 


Lim Current Limit 1 Vo1 =4.5V 
Voi = OV (note2) 


lass | Quiescent Current Standby lor =0.3mA ; T, < 100°C 
Mode (output 2 disabled) Ven 2 2.4V 
PR Open 
PR Grounded 


Quiescent Current loi = 50mMA 
lo2 = 500mA 


ENABLE 


Tye. | Max 

alegre [et Tee 
(output 2 active) 

| Venn | Enable InputHIGH Voltage | | | 

|Vennyst | Enable Hysteresis | CL 80s || 200 


Enable Input Current 


OV < Ven < 1.2V 
25V < Ven < 7V 
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RESET 


Reset Threshold Hysteresis 


Delay Comparator Threshold 


Reset Threshold Voltage PR Open 4.5 4.7 4.9 
(note3) PR Grounded 3.4 3.3 35 


— Reset Reaction Time Cr= (eon 


Reset Output LOW Voltage Rres = 10KQ to Vo; 
Vs 2 2V 


Reset Output HIGH Leakage eS = 5V 


Vetth, hyst| Delay Comparator Threshold 100 
Hysteresis 


po 50 | t00 | 200 |v 
ce a 


Note: 1° Voeconnected to ADJ.Vo2 can be set to higher values by inserting an external resistor divider 


2 : Foldback characteristic 


FUNCTIONAL DESCRIPTION 


The L4927 is based on the SGS-THOMSON Micro- 
electronics modular voltage regulator approach. Se- 
veral out-standing features and auxiliary functions 
are provided to meet the requirements of supplying 
the microprocessor systems used in automotive ap- 
plications. 


Furthermore the device is suitable also in other ap- 
plications requiring two stabilized voltages. 


The modular approach allows other features and 
functions to be realized easily when required. 


STANDBY REGULATOR 


The standby regulator uses an Isolated Collector 
Vertical PNP transistor as the regulating element. 
This structure allows a very low dropout voltage at 
currents up to 50mA. The dropout operation of the 
standby regulator is maintained down to 2V input 
supply voltage. The output voltage is regulated up 
to the transient input supply voltage of 40V. This fea- 
ture avoids functional interruptions which could be 
generated by overvoltage pulses. 


The typical curve of the standby output voltage as 
a function of the input supply voltage is shown in fig. 
alts 


The current consumption of the device (quiescent 
current) is less than 250uA when output 2 is disa- 
bled (standby mode). The dropout voltage is con- 
trolled to reduce the quiescent current peak in the 
undervoltage region and to improve the transient 
response in this region. 


The quiescent current is shown in fig. 2 as a func- 
tion of the supply input voltage 2. 
OUTPUT 2 VOLTAGE 


The output 2 regulator uses the same output struc- 
ture as the standby regulator, but rated for an out- 
put current of 500mA. 


The output 2 regulator works in tracking mode with 
the standby output voltage as a reference voltage. 


The output 2 regulator can be switched off via the 
Enable input. 
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Figure 1 : Output Voltage vs. Input Voltage. 


Figure 2 : Quiescent Current vs. Supply Voltage. 


OUT2=-6U 


RESET CIRCUIT 


The block circuit diagram of the reset circuit is shown 
in fig. 3. The reset circuit supervises the standby out- 
put voltage. The reset threshold of 4.7V is defined 
by the internal reference voltage and the standby 
output divider. 


The reset pulse delay time trp, is defined by the 
charge time of an external capacitor Crt : 


NBEBL43926-B4A 


OUT2 DISABLED 
RL«1BKQ 


16 


NEBL 4926-G5A 


The reaction time of the reset circuit depends on the 
discharge time limitation of the reset capacitor Cr 
and is proportional to the value of Cr. 


The reaction time of the reset circuit increases the 
noise immunity. In fact, if the standby output voltage 
drops below the reset threshold for a time shorter 
than the reaction time tar, no reset output variation 
occurs. The nominal reset delay is generated for 
standby output voltage drops longer than the time 
necessary for the complete discharging of the capa- 


Ctx 2v citor Cr. This time is typically equal to 50us if Cr = 
tRD = 2uA 100nF. The typical reset output waveforms are 
shown in fig. 
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Figure 3 : Block Diagram of the Reset Circuit. 


REF 41.23U 
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Figure 4 : Typical Reset Output Waveforms. 
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DUAL VERY LOW DROP VOLTAGE REGULATOR 


ADVANCE DATA 


a OUTPUT VOLTAGES 5V AND 9.5V 

m OPERATING DC SUPPLY VOLTAGE RANGE 
SV — 25V 

m OPERATING TRANSIENT SUPPLY VOLTAGE 
UP TO 40V 

m EXTREMELY LOW QUIESCENT CURRENT IN 
STANDBY MODE 

a OUTPUT 2 DISABLE FUNCTION FOR STAND- 
BY MODE 

mw OUTPUT CURRENT CAPABILITY 100mA AND 
S00mA 

» VERY LOW DROPOUT VOLTAGES LESS 
THAN 0.4V/0.6V 

» RESET CIRCUIT SENSING THE STANDBY 
OUTPUT VOLTAGE 

» PROGRAMMABLE RESET PULSE DELAY 
WITH EXTERNAL CAPACITOR HEPTAWATT 

a THERMAL SHUTDOWN AND SHORT CIRCUIT 
PROTECTIONS 


DESCRIPTION ORDER CODE : L4930 


The L4930 is a monolithic integrated dual voltage 
regulator with two very low dropout outputs and 
power-on reset. It is designed especially for car 
radio applications with very low quiescent current in 
standby mode. 


BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


a 
Vs D.C. Supply Voltage 28 V 
Transient Supply Voltage (T < 1s) 40 V 

fF dee 4 Output Currents Internally Limited pO 


Ia eta Junction and Storage Temperature Range — 55 to + 150 
ten | Enable Input Current 


Output Current 
Note : The circuit is ESD protected accorcing to MIL-STD-883C. 


THERMAL DATA 


Thermal Resistance Junction-case Max 


PIN CONNECTION (top view) 


MEILAI27-B?7 


APPLICATION CIRCUIT 
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ELECTRICAL CHARACTERISTICS (Vz = 14V ;- 25°C < T, < 85°C unless otherwise specified). 


= Standby Output Voltage T, = 25°C ; lour = imA 4. | 4.90 | 


Standby Output Voltage 6V < Vin < 20V 4.85 Ee 15 
imA < lo; < 100V 
Output Voltage 2 10.2V < Vin < 20V 
5mA < loo < 500mA 
Vop1 Dropout Voltage 1 lout; = 10mA 0.1 0.2 
lout: =5O0mA 0.2 0.4 
Vpp2 Dropout Voltage 2 lout2 = 100mA 0.15 0.3 V 
lout2 = 500mA 0.25 0.5 V 
Voti1 2 | Line Regulation 6V < Vin < 20V 1 20 mV 
loi = 1mA, loo =5mA 


| Vouoz | Load Regulation2 | SmA<loura<500mA_— |_| 8 | 50 |v 


| tum | Current limit? | Vor =4sV | to | 150 | | ma 
Pus [wert Lines [vor =o {so [reo {oo [on 


lass Quiescent Current in Standby Ven < 1.5V (output 2 disabled) 130 
Mode lo; =0.3mA 


ae Quiescent Current lout1 = 100MA ;loute =500mA a ee ee 


ENABLE 


leprae [Pel 
(output 2 disabled) 

Ga a ne oe 
ee 


Enable Input Current OV < Ven < 1.2V _ i - : oO - 0.5 
25V < Ven < 7V + 1 
RESET 


[Symbol] Parameter | Test Gonaitions | min. | Typ. | Max. | Unit | 
Vm | Reset Threshold vonage [| ——SS~<~S~‘i AS Sk |g 
Vnur | Reset Threshold Hysteresis | —~—S~S~S~S~s 8100200 | 
tno | Reset Pulse Delay _——*( Cr=eenF stab tome | 60 | 100 | 140 | ms 


VAL Reset Output LOW Voltage Rres = 10KQ to Vouti 0.4 V 
Vin 2 2V 
ILRES Reset Output HIGH Leakage Vres =5V 1 LA 
Current 
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FUNCTIONAL DESCRIPTION 


STANDBY REGULATOR 


The standby regulator uses an Isolated Collector 
Vertical PNP transistor as the regulating element. 
This structure allows a very low dropout voltage at 
currents up to 50mA. The dropout operation of the 
standby regulator is maintained down to 2V input 
supply voltage. The output voltage is regulated up 
to the transient input supply voltage of 40V. This fea- 
ture avoids functional interruptions which could be 
generated by overvoltage pulses. 


The current consumption of the device (quiescent 
current) is less than 250uA when output 2 is dis- 
abled. (standby mode). The dropout voltage is con- 
trolled to reduce the quiescent current peak in the 
undervoltage region and to improve the transient re- 
sponse in this region. 


The quiescent current is shown in fig. 2 as a func- 
tion of the supply input voltage 2. 


OUTPUT 2 VOLTAGE 


The output 2 regulator uses the same output struc- 
ture as the standby regulator, but rated for an out- 
put current of 500mA and the output regulated 
voltage = 9.5V. 


The output 2 regulator can be switched off via the 
Enable input. 


RESET CIRCUIT 


The block circuit diagram of the reset circuit is shown 
in fig. 3. The reset circuit supervises the standby out- 
put voltage. The reset threshold of 4.7V is defined 
by the internal reference voltage and the standby 
output divider. 


The reset pulse delay time trp, is defined by the 
charge time of an external capacitor Cr : 


Crx2V 
CLA 


The reaction time of the reset circuit depends on the 
discharge time limitation of the reset capacitor Cr 
and is proportional to the value of Cr. 


The reaction time of the reset circuit increases the 
noise immunity. 


In fact, if the standby output voltage drops below the 
reset threshold for a time shorter than the reaction 
time tar, no reset output variation occurs. The nomi- 
nal reset delay is generated for standby output volt- 
age drops longer than the time necessary for the 
complete discharging of the capacitor Cr. The typi- 
cal reset output waveforms are shown in fig. 5. 


RD = 


Figure 2 : Quiescent Current vs. Supply Voltage. 
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OUT2 DISABLED 
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Figure 3 : Block Diagram of the Reset Circuit. 
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Figure 4 : Typical Reset Output Waveforms. 
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DUAL 5V REGULATOR WITH RESET ENABLE 
AND AUXILIARY CURRENT SINK OUTPUT 


» VERY LOW DROPOUT VOLTAGE FOR BOTH 
OUTPUTS (max 0.6V, — 40 < Ty <+ 125°C) 

» VERY LOW QUIESCENT CURRENT 

s OUTPUT VOLTAGE PRECISION 5V 4% OVER 
FULL T RANGE 

» OUTPUT CURRENTS : lot = 50mA, loz = 100mA 

» POWER-ON RESET CIRCUIT SENSING THE 
STANDBY OUTPUT VOLTAGE 

» POWER-ON RESET DELAY PULSE DEFINED 
BY THE EXTERNAL CAPACITOR 

» CURRENT SINK OUTPUT FOR AUXILIARY 
FUNCTIONS 

» ENABLE FUNCTION FOR THE ENABLE 
REGULATOR AND THE CURRENT SINK OUT- 
PUT 

» OVERVOLTAGE, SHORT CIRCUIT, REVERSE 
BATTERY AND THERMAL PROTECTIONS 


DESCRIPTION 


The L4934/5 is a monolithic very low drop voltage 
regulator intended primarily for applications with 


microprocessors operating in low power standby - 


conditions. 


The device provides two 5V regulated outputs. The 
first output (Vo1) delivers up to 50mA. The second 


BLOCK DIAGRAM 


ADVANCE DATA 


POWERDIP 
(12 +2 +2 lead) 


MINIDIP 


ORDER CODES : L4934 (Minidip) 
L4935 (Powerdip) 


output (Voz) supplies 100mA andis controlled by the 
ENABLE function which also controls the current 
sink output. In addition the device provides the 
RESET function for the microprocessor. 


The L4934/5 is mounted in two different packages : 
8-lead plastic minidip for L4934, 12 + 2 + 2 Power- 
dip for L4935. 


STAND-BY 
O UBi 
REGULATOR 
POWER ON st 
RESET 


ENABLEO ENABLE 


UNDER 
VOLTAGE 
LOCKOUT 


ENABLE 
REGULATOR 
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ABSOLUTE MAXIMUM RATINGS 


D.C. Supply Voltage 
Transient Supply Overvoltage : 

Load Dump : 

5ms < trise < 10ms, tf = 100ms, Rsource 2 0.5 
Reverse Supply Voltage 


Standby Regulator Current Internally Limited 
Enabled Regulator Current 
Isk Sinking Capability Current Internally Limited 
Sourcing Capability Current 100 mA 
VEAB DC Input Voltage Range (Eas, Crst) — 0.3 V 
Vo1 + 0.3 
Ouiput Curren 
MINIDIP 8 |POWERDIP 
12+2+2 
Rth j-amb | Thermal Resistance Junction-ambient Max 100 70 °C/W 
Rth j-pins| Thermal Resistance Junction-pins 4 Max 70 15 °C/W 


PIN CONNECTIONS (top view) 


THERMAL DATA 


Vin 
ENABLE 


ENABLE L] 2 


NEGL4934-82 NB9L4934-83 


MINIDIP POWERDIP 


PINS FUNCTIONS 


Function 


LNe | 

Supply Voltage Input 
Enable Input Voltage : a high level on this pin enables Vo2 and Is outputs driver output. 
100mA open collector current sink driving external circuitry. : 
Ground 

Reset 

| 6 |  CRST | External timing capacitor setting the power-on reset delay. 

5V Output Controlled by the ENABLE Function 

| 8 | Vor | Standby 5VOutptt ee C—“CsCidC 
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ELECTRICAL CHARACTERISTICS (Vi = 14.4V ;-40°C <T, $+ 125°C ; Couns = 33pF ; 
Cour = S3uF unless otherwise noted). 


[Symbol] Parameter | Test Conditions | win. | Typ. | Max. | Unit 


Quiescent Current 5.85V < Vin < 16V 
| mA 
2.5 mA 
STANDBY REGULATOR 


Test Conditions tin. | Typ. | Max. | 
Output Voltage 5.85V < Vin < 16V .20 
1OHWA < lor < 50MA 
Short Circuit Current Voi shorted to GND. | Voi shortedtoGND. «| 75 | =| ssa 


Voipp | Drop Out Voltage lor = 10MA 0.35 
lo4 = 50mA 0.6 
“ Out Carat Enna pty 


Output Capacitor Equivalent 
Series Resistance 

Supply Voltage Rejection Viipple =2Vpp ; f = 120Hz a ee 

ENABLE REGULATOR (VeaB) > VeaBH) 

Test Gonaniona Twn. [ Typ. T tex. [vant 
Output Voltage 5.85V < Vin < 16V 5.20 

10nA < 19; < 100mMA 
Short Circuit Current Voe shorted to GND. | 125 | a 
Drop Out Voltage loa = 100mA jE 


Cvo2 Output Capacitor Capacitance 
Output Capacitor Equivalent 
Series Resistance 
Supply Voltage Rejection Vipple = 2Vp-p ; f = 120Hz Ff 50 | BS 


ENABLE INPUT BUFFER 


[Symbol| Parameter | Test Conditions | Min. | Typ. | Max. | Unit_| 
|Veasn | Enable InputHigh Voltage | te | 
| Vers. _| Enable Inputlow Voltage | Et | 
| leas | Enable Input Current | O<Veas<5V_ | 20 | | 20 | A 


ENABLE SINK OUTPUT 


[Symbol] Parameter | Test Conditions | win. | Typ. | Max. | Unit 
Tiexso [Enable Sik Gurent —[Wag>av | tas ma 
Mexear | Enable Sink Output on Votage [ivan =-100ma——~+| =i Sid os | 
Tiwi [Enable Sik Leakage Vess=Veamn iY a 


lo4 =10mA 
V(eaB) = VEABL 


~ 40 <T, < 125°C 


ht 
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ELECTRICAL CHARACTERISTICS (continued) 


RESET FUNCTION 


FUNCTIONAL DESCRIPTION 


The L4934/5 dual voltage regulator contains four 
functional blocks. There are two 5 volt low drop regu- 
lators, a current sink output driver and a reset tim- 
ing module. The circuit as a whole can withstand 
reverse battery voltage on the input and also con- 
tains an overtemperature shutdown, which disables 
both regulators, the current sink driver and pulls the 
reset output low. 


Additionally, if the input voltage exceeds (Vinsp), 
both regulators shut down, the current sink output 
disables and the reset output goes low. The circuit 
is capable of handling + 50 volt load dump tran- 
sients. The four major modules function as follows : 


Standby Regulator (Vp1) - This regulator is always 
active and is intended for 5 volt loads of up to 75mA 
maximum. The regulator exhibits a very low dropout 
voltage and is self protected against overcurrent 
conditions. The standby output (Vo1) requires a 33 
microfarad capacitor to ground for stability. The cir- 
cuit does not discharge the output capacitor if the 
input supply voltage is lost, granting some immunity 
to input supply transients. During power up, the Vo 
output stays low for input voltages less than 3.5 volts 
and then tracks the input until regulation is achieved. 
It is guaranteed that the Rst output is low until the 
Vo1 output exceeds Vrst as specified in the Electri- 
cal Characteristics. 


Enable Regulator (V02) - This regulator is activated 
only when the Enable pin voltage is more positive 
than VeasH and Voi has exceeded Vast (see Elec- 
trical Characteristics). Whenever Voi is less than 
Vast, it has precedence over the state of the enable 
input. The Vo2 output is intended for loads of up to 


Test Conditions | Min. | Typ. | Max. | Unit_| 
Reset Threshold Voltage Measured at Vo; pin. | 40 | | a 
| Vast Reset Output on Voltage V(cRST) = 3.9, I(RST) =— 16mA a 


Vivr\ Low Voltage Reset 1V < Vin < 16V, V(CRST) = OV, 
1K resistor see 
between Rszt and Vo;. 

Trst Reset Delay Time Crst = 0.47uF, Vin stepped eae 
0-14.4V. 


125mA maximum. This regulator also exhibits a 
very low dropout voltage and is self protected 
against overcurrent conditions. The recommended 
output capacitor for the Voz output is 33 microfarads 
to ground. This circuit does not discharge the capa- 
citor if the input supply is lost. If the Enable pin is 
held low, the Vo2 output will stay off for all values of 
VIN. 


Current Sink Output Driver (Isk) - The Isx output is 
an NPN open collector driver intended for actuating 
an external pass transistor used as a high side 
power switch. Figure 1 shows an example of an ex- 
ternal PNP transistor used for this function. The Isx 
output becomes active low if the Eas input pin is 
more positive than VeasH and if Vcc is greater than 
Vast. The Isx output is always off otherwise. The 
output is capable of sinking 150mMA maximum, but 
is internally protected against overcurrent condi- 
tions. 


Reset Module (Cast and RESET) - The RESET out- 
put is active low and provides a reset signal for 
microprocessor systems at power up. The RESET 
output is low whenever the voltage on the Crst pin 
is less than 1.25 volts nominally. Normally, a 0.47 
microfarad capacitor should be connected between 
the Crst pin and ground. If the Vcc output voltage 
drops below Vrst the capacitor is discharged by an . 
internal pull-down. Once Vcc goes above Vast, an 
internal charging current pulls the capacitor up. The 
nominal reset pulse duration is 150msec with a 0.47 
microfarad reset capacitor. 
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Figure 1 : Typical Application Circuit. 


TO 320 “CIRCUITS 


FROM uP 


10 UP 


NGILAGZ4-GBA 


MESL4AS3Z4-85 


ky S&S-THOMsON he 


MICROELECTRONICS 
393 


IST SGS-THOMSON 


MICROELECTRONICS 


L4945 


5 V VERY LOW DROP VOLTAGE REGULATOR 


a PRECISE OUTPUT VOLTAGE (5 V + 4 %) 
OVER FULL TEMPERATURE RANGE 
(—40/125°C) 

a VERY LOW VOLTAGE DROP (0.75 Vmax) 
OVER FULL TEMP. RANGE 

a» OUTPUT CURRENT UP TO 500 mA 

m + 80/- 80 V LOAD DUMP PROTECTION 

» OVERVOLTAGE AND REVERSE VOLTAGE 
PROTECTIONS 

» SHORT CIRCUIT PROTECTION AND THER- 
MAL SHUT-DOWN (with hysteresis) 

a LOW START UP CURRENT 


DESCRIPTION 


The L4945 is a monolithic integrated circuit in Ver- 
sawatt package specially designed to provide a sta- 
bilized supply voltage for automotive and industrial 
electronic systems. Thanks to its very low voltage 
drop, in automotive applications the L4945 can work 


BLOCK DIAGRAM 


THERMAL 
PROTECT. 


October 1988 


ADVANCE DATA 


correctly even during the cranking phase, when the 
battery voltage could fall as low as 6 V. Furthermore, 
it incorporates a complete range of protection cir- 
cuits against the dangerous overvoltages always 
present on the battery rail of the car. 


ORDER CODE : L4945 


PNP OUTPUT 
TRANSISTOR 


ad OUTPUT 
J aE | 
LIMITER 


ime 
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ABSOLUTE MAXIMUM RATINGS 


V, 
V, 

Positive Transient Peak Voltage (t = 300 ms) 
Ty 


is | Forward Input Voltage 
Reverse Input Voltage 
Negative Transient Peak Voltage (t = 100 ms) 
Ne segs — 2 Junction Temperature Range — 40 to 150 
Storage Temperature — 55 to 150 
THERMAL DATA 


PIN CONNECTION (top view) 


ape connected to pin 3 


ELECTRICAL CHARACTERISITCS (refer to the test circuit, V, = 14.4 V, C, = 47/uF, ESR < 10 Q, 
—40 TC <T, < 125 °C, unless otherwise specified) 


| Symbol | Parameter_——|__Test Conditions| Min. | Typ. | Max. | Unit | 
V 


o Output Voltage Range lb =5 mA to 500 mA 4.80 | 5.00 | 5.20 V 
Over Full T Range 
Ty =25 °C 4.90 | 5.00 | 5.10 V 


AVo Line Regulation V.=6Vto26V; 5 50 mV 
o= 5 mA 


Load Regulation lo=SmAtos00mA | | 15 | 60 | mv | 
Vg Dropout Voltage Il, = 500 mA, Ty =25 °C 0.40 | 0.55 V 
Over Full T Range 0.75 V 
Quiescent Current lp =O MA, Ty = 25 °C 5 10 mA 
lob =O mA Over Full T 6.5 13 mA 
I> = 500 mA Over Full T 110 180 mA 
AV o Temperature Output Voltage Drift - 0.5 mv/°C 
T 
SVR 
Ise 
) 


< 


Supply Volt. Rej. lop = 350 mA ;f=120Hz| 50 
C, =100 uF; 
| Ise__| Output Short Circuit Current | sf 50 | 0.80 | 1.50 | A 


(*) For a DC voltage 26 < V, < 35 V the device is not operating. 
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TEST CIRCUIT 


(**) Min 20/ uF, ESR < 10 Q over full temperature range. 


L4945 


FUNCTIONAL DESCRIPTION 


The block diagram shows the basic structure of the 
device : the reference, the error amplifier, the driver, 
the power PNP, the protection functions. 


The power stage is a Lateral PNP transistor which 
allows a very low dropout voltage (typ. 400 mV at 
Ty = 25 °C, max. 750 mV over the full temperature 
range @ lo = 500 mA). The typical curve of the dro- 
pout voltage as a function of the junction tempera- 
ture is shown in Fig. 1 : that is the worst case, where 
lo = 500 mA. 


The current consumption of the device (quiescent 
current) is maximum 10 mA - over full T - when no 
load current is required. 


The internal antisaturation circuit allows a drastic re- 
duction in the current peak which takes place dur- 
ing the start up. 


The three gain stages (operational amplifier, 
driver and power PNP) require the external capaci- 
tor (Comin = 20 uF) to guarantee the global stability 
of the system. 


Load dump protection (+ 80 V, t = 300 ms), reverse 
voltage (- 18 V) and short circuit protection, thermal 
shutdown are the main features that make the 
L4945 specially suitable for applications in the auto- 
motive enviroment. 


Figure 1 : Typical Dropout Voltage vs. T, (lo = 500 mA). 
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L4947 


5V-0.5A VERY LOW DROP REGULATOR WITH RESET 


» PRECISE OUTPUT VOLTAGE (5V +4%) OVER 

FULL TEMPERATURE RANGE 

(- 40 / 125 °C) 

VERY LOW VOLTAGE DROP (0.75Vmax) 

OVER FULL T RANGE 

OUTPUT CURRENT UP TO 500mA 

RESET FUNCTION 

POWER-ON RESET DELAY PULSE DEFINED 

BY THE EXTERNAL CAPACITOR 

» +80V LOAD DUMP PROTECTION 

= —80V LOAD DUMP PROTECTION 

n REVERSE VOLTAGE PROTECTION 

» SHORT CIRCUIT PROTECTION AND THER- 
MAL SHUT-DOWN (with hysteresis) 

» LOW START UP CURRENT 


DESCRIPTION 


The L4947 is a monolithic integrated circuit in Pen- 
tawatt package specially designed to provide a sta- 
bilized supply voltage for automotive and industrial 
electronic systems. Thanks to its very low voltage 
drop, in automotive applications the L4947 can work 


BLOCK DIAGRAM 


THERMAL 


February 1989 


ADVANCE DATA 


Pentawatt 


ORDER CODE : L4947 


correctly even during the cranking phase, when the 
battery voltage could fall as low as 6V. Furthermore, 
it incorporates a complete range of protection cir- 
cuits against the dangerous overvoltages always 
present on the battery rail of the car. The reset func- 
tion makes the device particularly suited to supply 
microprocessor based systems : a signal is avail- 
able (after an externally programmable delay) to 
reset the microprocessor at power-on phase ; at 
power-off, this signal becomes low inhibiting the 
microprocessor. 


PNP OUTPUT 
TRANSISTOR 


RESET 
IRCUIT 


PROTECT. - 


D Y 
O CAPACITOR 
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L4947 


ABSOLUTE MAXIMUM RATINGS 


DC Input Voltage 
DC Reverse Input Voltage 

Transient Input Overvoltages : 

Load Dump : 

5MS S trse < 10ms 

t, Fall Time Constant = 100ms 

Rsource 2 0.5 

Field Decay : 

5ms < tran < 10MS, Rsource 2 10Q 

t, Rise Time Constant = 33ms 

Low Energy Spike : 

trise = 1HS, tran = 500us, Rsource 2 102 


35 V 
— 18 V 
80 V 
— 80 V 
+ 100 V 
f, Repetition Frequency = 5Hz 


Junction and Storage Temperature Range — 55 to 150 


THERMAL DATA 


PIN CONNECTION (top view) 


+VouT 


GND 


RESET OUT 
+VIN 


4 
t in 3 
(tab connected topin 3) S- 10684 


ELECTRICAL CHARACTERISTICS (refer to the test circuit, V, = 14. 4V, C, = 47uF, ESR < 10Q, 
Rp = 1KQ, R, = 1KQ, — 40°C < Ty < 125°C, unless otherwise specified) 


| Symbol | Parameter__—|= Test Conditions | Min. | Typ. | Max. | Unit_ 
V 


o Output Voltage o = 5mA to 500mA 4.80 | 5.00 | 5.20 V 
Over Full T Range 
Ty =29°C 4.90 | 5.00 | 5.10 V 
Operating Input Voltage lo = 5mA to (*) 500mA | 6 | | 2] vi | 


AVo Line Regulation Vj = 6V to 26V ; 5 50 mV 
lo = 5mA 


[ave [toad Regulation ——~S~dn mato SoA | te | go | 


Vi- Vo Dropout Voltage Ip = 500mA, Ty = 25°C 0.40 | 0.55 V 
Over Full T Range 0.75 V 

Quiescent Current lo = OMA, Ty = 25°C 5 10 mA 

o = OmA Over Full T 6.5 13 mA 

110 | 180 mA 

os 


lp = 500mA Over Full T 
Oe (7 SGS-THOMSON 
4 MicROELECTROMICS 
400 


L4947 


ELECTRICAL CHARACTERISTICS (continued) 


< 


SVR Supply Volt. Rej. lp = 350mA ; f = 120Hz 50 

o = 100LF ; 

| Ise __| Output Short Circuit Current | if 050 | 0.80 | 150] A | 
Ip = 1.6mMA 
3.0 < V < Vo < Vat (off), 

| In| Reset Output Leakage Current Vo in Regulation, VR =5V 

Power On-Off Reset out Peak Voltage 1KQ Reset Pull-up to Vo | | 0.65 | 1.0 | Vv | 

VRT (on) Power ON V, Threshold Vo @ Reset Out L to H VAT (off) - V 

Transition + 0.05 | 0.04 

Power ON-Off Hysteresis [Vation— Variom | | 0.08 | | Vv 
Vg @ Reset Out H to L 3.20 | 3.55 | 3.90 V 
Transition 

Cte. Delay Capacitor Charging Current Vg =3V, Ty = 25°C 


Symbol Parameter |__Test Conditions | Min. | Typ. | Max. | Unit | 
Reset Output Saturation Voltage 1.5V < Vo < Vat (off), 0.40 V 
0.40 
Ip =8mA 
Vaticoft) | Power OFF Vo Threshold Vo @ Reset Out H to L 4.75 | Vo — 
Transition 0.15 
Vo 
Vg Delay Comparator Threshold Vq @ Reset Out L to H 3.65 | 4.00 | 4.35 V 
Transition 
Delay Capacitor Discharge Voltage Vo < VAT (off) La : 


(*) For a DC voltage 26 < V, < 35V the device is not operating. 


TEST CIRCUIT 


(*) Min 20uF, ESR < 10 over full temperature range 
Rp (pull up resistor) and Ri (load) are both equal to 1kQ. 
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L4947 


FUNCTIONAL DESCRIPTION 


The L4947 is a very low drop 5V/0.5A voltage regu- 
lator provided with a reset function and therefore 
particularly suited to meet the requirements of sup- 
plying the microprocessor systems used in automo- 
tive and industrial applications. 


The block diagram shows the basic structure of the 
device : the reference, the error amplifier, the driver, 
the power PNP, the protection and reset functions. 


The power stage is a Lateral PNP transistor which 
allows a very low dropout voltage (typ. 400mV at 
Ty = 25°C, max. 750mV over the full temperature 
range @ lo = 500mA). The typical curve of the dro- 
pout voltage as a function of the junction tempera- 
ture is shown in Fig. 1 : that is the worst case, where 
lo = 500mA. 


The current consumption of the device (quiescent 
current) is maximum 13mA - over full T - when no 
load current is required. 

The internal antisaturation circuit allows a drastic re- 
duction in the current peak which takes place dur- 
ing the start up. 


The reset function supervises the regulator output 
voltage inhibiting the microprocessor when the de- 


Figure 1 : Typical Dropout Voltage vs. Tj (lo = 500mA). 


vice is out of regulation and resetting it at the power- 
on after a settable delay. The reset is LOW when 
the output voltage value is lower than the reset thre- 
shold voltage. At the power-on phase the output 
voltage increases (see Fig. 2) and - when it reaches 
the power-on Vo threshold Vert (On) - the reset out- 
put becomes HIGH after a delay time set by the ex- 
ternal capacitor Cg. At the power-off the output 
voltage decreases : at the Vrtio#) threshold value 
(Vo-0.15V typ. value) the reset output instanta- 
neously goes down (LOW status) inhibiting the 
microprocessor. The typical power on-off hysteresis 
is 50mV. 


The three gain stages (operational amplifier, 
driver and power PNP) require the external capaci- 
tor (Comin = 20.F) to guarantee the global stability 
of the system. 


Load dump and field decay protections (+ 80V), 
reverse voltage (— 18V) and short circuit protection, 
thermal shutdown are the main features that make 
the L4947 specially suitable for applications in the 
automotive enviroment. 
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L4947 


Figure 2 : Reset Waveforms: (1) Without External Capacitor Ca. 
(2) With External Capacitor Ca. 
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LM2930A 


VERY LOW DROP VOLTAGE REGULATOR 


s OUPUT CURRENT IN EXCESS OF 400mA 

a INPUT/OUTPUT DROP TYP. 0.25V at 150mA 
OVER FULL TEMPERATURE RANGE 

a OVERVOLTAGE PROTECTION (+ 40V) 

a REVERSE POLARITY PROTECTION 

» FOLDBACK CURRENT LIMITING 

a THERMAL SHUTDOWN 

a VERY LOW QUIESCENT CURRENT 


DESCRIPTION 


The LM2930A is an improved version of the LM2930 
5V voltage regulator which features an output cur- 
rent rating of 400mA with a dropout voltage of 0.4V 
typ. (Tj = 25°C). At 150mA the dropout voltage falls 
to 0.2V. Moreover, the LM2930A includes + 40V 
input overvoltage protections plus reverse polarity 
protection, thermal shutdown and foldback current 
limiting. Designed primarily for automotive applica- 


BLOCK DIAGRAM 


REVERSE 
VOLTAGE 
PROTECTION 


September 1988 


TO 220 


ORDER CODE : LM2930A 


tions, the LM2930A protects both itself and the load 
from load dump field decays transients and incor- 
rect battery connection. The low voltage drop of this 
device allows correct operation even during starting 
when the battery voltage can fall below 6V. The 
LM2930A is available in a TO-220 plastic power 
package. 


THERMAL 
PROTECTION 


CURRENT 
LIMIT 
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LM2930A 


ABSOLUTE MAXIMUM RATINGS 


Vi DC Input Voltage 
DC Input Reverse Voltage 
Transient Input Overvoltage : 
Load Dump : 
5ms < Trise < 10Ms, 
t Fall Time Constant = 100ms, 
Rsource 2 0.52 
Field Decay : 
Sms § ttai < 10ms 
tr Rise Time Constant = 33ms, 
Rsource < 10 


THERMAL DATA 
Thermal Resistance Junction-case 


PIN CONNECTION (top view) 


Junction and Storage Temperature Range — 55 to 150 


| Unit | 
5 V 
- 18 V 
+ 40 V 
— 40 V 


Max 


| OUTPUT 
GND | > GROUND 
| > INPUT 


S- 2568/1 


TEST AND APPLICATION CIRCUIT 


The output capacitor is required for stability. Though 
the 100 uF shown is the minimum recommended 
value, actual size and type may vary depending 
upon the application load and temperature range. 
Capacitor effective series resistance (ESR) also fac- 
tors in the IC stability. Since ESR varies from one 
brand to the next, some bench work may be required 
to determine the minimum capacitor value to use in 
production. Worst-case is usually determined at the 
minimum ambient temperature and maximum load 
expected. 


Output capacitors can be increased in size to any 
desired value above the minimum. One possible 
purpose of this would be to maintain the output volt- 
ages during brief conditions of negative input tran- 
sients that might be characteristic of a particular 
system. 


Capacitors must also be rated at all ambient tem- 
perature expected in the system. Many aluminum 


type electrolytics will freeze at temperatures less 
than — 30 °C, reducing their effective capacitance to 
zero. To maintain regulator stability down to — 40 °C, 
capacitors rated at that temperature (Such as tanta- 
lums) must be used. 


S-6243/2 
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LM2930A 


ELECTRICAL CHARACTERISTICS (V, = 14.4 V,Co =100 uF, T, = 25 © unless otherwise 
specified) 


Symboi{___Farameter_{__Test Gonditiens_{ in. | Typ. {Mex.| Unit _ 


Vo Line Regulation 5 50 mV 
6V<V,<s 26V,l,=5mA 


| AVo | Load Regulation | SmASIo<400mA_ || | 75 | mv 


Output Impedance 100 mApc & 10 mArms, 
100 Hz — 10 KHz 200 

Quiescent Current lb =5 mA 0.8 mA 
lb = 150 mA 22 o mA 


[Output Noise Voltage | t0Hz-tooKHz || 40 | |r 
[ta ems ae |r 


Supply Voltage Rejection fo = 120 Hz V,=V>o + 3V+ 2Vpp 
Co =100 nF 


ae ee ee 
— Dropout Voltage o = 150 mA 0.4 
lob = 400 mA 0.7 
Is Output Short Circuit 500 
Current (foldback condition) 
®@ Note : Fora DC voltage 26 V < Vi < 35 V the device is not operating 
ELECTRICAL CHARACTERISTICS (V, = 14.4 V,Co = 100 pF, -40 <T, < 125 © (see note1) 
unless otherwise specified) 


Symbol] Parameter [Test Conditions [ win. [ Typ. [Max [ Unit 


Vo Output Voltage 65V<Vi< 26V, 4.70 | 5.00 | 5.30 V 
5 mA <l, < 400 mA 
AVo Line Regulation 10 75 mV 


[ave [Lead Regulation | 5 mA Sly = 400 mA Sie ee 


Quiescent Current a =5 mA 1.2 mA 
ei = 150 mA 40 e2 a 


— V,. | Dropout Voltage jp = 150 mA 0.25 Hs 5 
I, = 400 mA 0.5 0.9 
Output Short Circuit 230 
Current (foldback condition) 
Note: 1. Design limits are guaranteed by statistical control on production samples over the indicated temperature and supply voltage ranges 
These limits are not used to calculate outgoing quality levels 
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LM2931A 


VERY LOW DROP VOLTAGE REGULATOR 


» OUTPUT CURRENT IN EXCESS OF 400mA 
» INPUT/OUTPUT DROP TYP. 0.2 V AT 150mA 
a OVERVOLTAGE PROTECTION (+ 60 V) 

uw REVERSE POLARITY PROTECTION 

a» FOLDBACK CURRENT LIMITING 

a THERMAL SHUTDOWN 

a VERY LOW QUIESCENT CURRENT 


DESCRIPTION 


The LM2931A is an improved version of the LM2931 
5 V voltage regulator which features an output cur- 
rent rating of 400mA with a dropout voltage of 0.4V 
typ. (T; = 25 °C). At 150mA the dropout voltage falls 
to 0.2V. A special feature of this device is the low 
quiescent current of 2mA at 10mA output current 
which makes it ideal for standby and backup appli- 
cations. Designed for automotive applications, the 
LM2931A protects itself and the load from +60V 
load dump and field decay transients and battery 
reversal. It also includes a thermal shutdown circuit 


ORDER CODE : LM2931A 


of the LM2931A allows correct operation of 5V 
automotive equipment during starting when the bat- 
tery voltage can fall below 6V. The LM2931A is 
available in a TO-220 plastic power package. 


and a foldback current limiter. The low voltage drop 


BLOCK DIAGRAM 


OUTPUT 
@ 


BANDGAP 


REFERENCE 
PREREGULATOR AND 
ERROR 


AMPLIFIER 


DUMP 
PROTECTION 


FOLDBACK 
CURRENT 
LIMITER 


THERMAL 
PROTECTION 
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LM2931A 


ABSOLUTE MAXIMUM RATINGS 


= er eee ee ees 
tr Rise Time Constant 


a5 
- 18 
Rsource < 10Q 


Junction and Storage Temperature Range — 55 to 150 Ger | 


THERMAL DATA 


Thermal Resistance Junction-case Max. 


DC Input Voltage 

DC Input Reverse Voltage 
Transient Input Overvoltage : 
Load Dump : 

5ms < Trise < 10Mms, 


t Fall Time Constant = 100ms, 
Resource 2 0.5Q 

Field Decay : 

5ms < trai < 10ms 

= 33ms, 


PIN CONNECTIONS (top view) 


2) = _ OUTPUT 
3{. -— ~~) GROUND 


,/. ===) INPUT 
aes connected to pin 3 


TEST AND APPLICATION CIRCUIT 


LM2931A 


S$- 6243/2 


The output capacitor is required for stability. Though 
the 100 uF shown is the minimum recommended 
value, actual size and type may vary depending 
upon the application load and temperature range. 
Capacitor effective series resistance (ESR) also fac- 
tors in the IC stability. Since ESR varies from one 


brand to the next, some bench work may be required 
to determine the minimum capacitor value to use in 
production. Worst-case is usually determined at the 
minimum ambient temperature and maximum load 
expected. 


Output capacitors can be increased in size to any 
desired value above the minimum. One possible 
purpose of this would be to maintain the output volt- 
ages during brief conditions of negative input tran- 
sients that might be characteristic of a particular 
system. 


Capacitors must also be rated at all ambient tem- 
perature expected in the system. Many aluminum 
type electrolytics will freeze at temperatures less 
than -—30°C, reducing their effective capacitance 
to zero. To maintain regulator stability down to — 
40°C, capacitors rated at that temperature (such as 
tantalums) must be used. 
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LM2931A 


ELECTRICAL CHARACTERISTICS (V, = 14.4V, Co = 100uF, T; = 25°C unless otherwise specified) 


| 


Output Impedance 100mMApc & 10mArms, 
100Hz - 10KHz 200 mQ 
Quiescent Current l, =5mA 0.8 2 mA 
Ip =150mA 22 40 mA 


Output Noise Voltage|_10Hz - 100KHz | 40 | [nvrms| 

LTS Long Term Stability 20 mvV/ 
1000 hr 

SVR Supply Voltage fo = 120Hz, V, = Vo + 3V + 2Vpp 
Rejection o =100uF 

| to | Current Limit p80} 

Vi-Vo Dropout Voltage Ib = 150mA 0.2 0.4 V 

lp = 400mMA 0.4 0.7 V 

Isc 


Output Short Circuit 350 500 
Current (foldback 
condition) 


ELECTRICAL CHARACTERISTICS (V, = 14.4V, Co = 100UF, 40 < T, < 125°C (see note 1) unless 
otherwise specified) 


| Symbol | Parameter_| Test Conditions | Min. | Typ. | Max. | Unit | 


Vo Output Voltage 6.5V < V, < 26V,(Ssee note 2), 4.70 5.00 5.30 V 
5mA < lo < 400mA 


[ave | tine Regulation | e5veviezev,in-sma «| —S*d) to | 


Quiescent Current lp =5mA 1.2 3 mA 
lp = 150mA 40 70 mA 
Pte curenttme | SS™~—CSsSSSSC‘“d Cm 
Vi-Vo Dropout Voltage lp = 150mMA 0.25 0.5 V 
lo = 400mA 0.5 0.9 V 
Isc 


Output Short Circuit 230 
Current (foldback 
condition) 


Notes : 1. Design limits are guaranteed by statistical control on production samples over the indicated temperature and supply voltage ranges 
These limits are not used to calculate outgoing quality levels. 
2. Fora DC voltage 26V < Vi < 35V the device is not operating. 
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{a SGS-THOMSON SGSD93F 
+f ff MICROELECTRONICS SGSD93G 


EPITAXIAL PLANAR NPN 


ADVANCE DATA 


=» DAMPER DIODE 


AUTOMOTIVE 
a SWITCHING APPLICATION 


INTERNAL SCHEMATIC DIAGRAM 


DESCRIPTION 


The SGSD93E/93F/93G are silicon epitaxial planar 
NPN transistors in Darlington configuration moun- oa 
ted in Jedec TO-220 plastic package. 


ABSOLUTE MAXIMUM RATINGS 


| Symbol | _ Parameter | ate it 
A ieee — ee ee 
| Voso_| Collector-base Voltage (le=0) | eo | to | 200 Sv 
| Voces | Collector-emitter Voltage (Vae=0) | 140 | to | ta0 | 
| Veco | Collector-emitter Voltage (le =0) | 40 | seo | tao 
| Veoo | Emittervase Voltage(lo=0) | 
as eR EI 
|low | Collector Peak Current | tS 
Pte [Base Curent C~=“‘~sSC“‘“S™S™SC~tSC“‘CSNSC#C#‘#CUCA'CS 

Ptot Total Dissipation at T. < 25 °C a: ee 
[ 1, | Max. Operating Junction Temperature | —SSSCSSOSSSSSCSCSC*~dC 
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SGSD93E/SGSD93F/SGSD93G 


THERMAL DATA 


Thermal Resistance Junction-case Max 1.56 


ELECTRICAL CHARACTERISTICS (Tcase = 25 C unless otherwise specified) 


IcBo Collector Cutoff Current Vcp = 160 V for SGSD93E 
(le =0) Vcp = 180 V for SGSD93F 
Vos = 200 V for SGSD93G 
IcEO Collector Cutoff Current 
(Ip =0) Vce = 160 V for SGSD93F 
Vce = 180 V for SGSD93G 
(Ic =0) 
Collector-emitter Sustaining for SGSD93E 


Voltage Ic =0.1A for SGSD93F 
for SGSD93G 
rear Oe 
VBE(sat)” 
Ic =5A Ip =5 MA T,.=150 °C 
lc =5A Ip =5MA TT. =-40 
Nee* DC Current Gain lc = 150 mA 
Ic =3A 
Ic=5A 
Ic =10A 


lc = 10 Alp =20 mA 
Ve" Diode Forward Voltage 

lr =10A 
Nte 


Voce = 160 V for SGSD93E 
Vcp = 180 V for SGSD93F 
Vos = 200 V for SGSD93G 
Te = 150 °C 


Vce = 140 V for SGSD93E 


Collector-emitter Saturation 
Voltage 


lc =5A Ip =5mMA T.=-40 °C 


lc =5A Ip =5mA 
lc =10 Alp =20 mA 


Base-emitter Saturation 
Voltage 


lc =5A Ip =5 MA T,=150 °C 
| hte | Small Signal Current Gain | Ic =1A Vce =5V f=5 MHz 


lc = 10 Alp =20 MAT, =150 °C 
RESISTIVE LOAD 


500 700 1100 ns 
1.4 3.2 5.0 us 
1.5 2.5 


Ic =6A B14 =—I|po =24mA 
Voc =30V 


Turn-on Time 
Storage Time 
Fall Time 


* Pulsed : pulsed duration = 300 us, duty cycle=15% 
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BC Current Gain. 


GC-0349 


oi ED 
|__| 


a 

= a 
ee 

NCH 
IER 
125°C YT AI 
? Se AS P-L Ow 
o_o ee ee ee 
Fe me cee T= 
ae a a ea 
Pere Ma Pc | ee De 
7 ae 
ME | ELE 
per 2 4 6 8 199 2 4 6 


SGSHEE 


eh 
HHH tt 
Ee a 


0! | KIA) 


SGS-THOMSON _—s—(i—“‘i‘ SB 
MICROELECTRONICS 


415 


ky SGS-THOMSON 


MICROELECTRONICS 


TL7700A 
Series 


SUPPLY VOLTAGE SUPERVISORS 


» POWER-ON RESET GENERATOR 

m» AUTOMATIC RESET GENERATION AFTER 
VOLTAGE DROP 

» WIDE SUPPLY VOLTAGE RANGE ... 3 V TO 
18 V 

» PRECISION VOLTAGE SENSOR 

a» TEMPERATURE-COMPENSATED VOLTAGE 
REFERENCE 

a TRUE AND COMPLEMENT RESET OUTPUTS 

a» EXTERNALLY ADJUSTABLE PULSE WIDTH 


DESCRIPTION 


The TL7700A series are monolithic integrated cir- 
cuit supply voltage supervisors specifically desi- 
gned for use as reset controllers in microcomputer 
and microprocessor systems. During power-up the 
device tests the supply voltage and keeps the RE- 
SET and RESET outputs active (high and low, res- 
pectively) as long as the supply voltage has not rea- 
ched its nominal voltage value. Taking RESIN low 
has the same effect. To ensure that the microcom- 
puter system has reset, the TL7700A then initiates 
an internal time delay that delays the return of the 
reset outputs to their inactive states. Since the time 
delay for most microcomputers and microproces- 


BLOCK DIAGRAM 


* (See Note A) 


sors is in the order of several machine cycles, the 
device internal time delay is determined by an ex- 
ternal time delay is determined by an external capa- 
citor connected to the Cr input (pin 3). 


td=1.3x10*xCr 


Where : Cr is in farads (F) and tg in seconds (s). In 
addition, when the supply voltage drops below the 
nominal value, the outputs will be active until the 
supply voltage returns to the nominal value. An ex- 
ternal capacitor (typically 0.1 uF) must be connec- 
ted to the REF output (pin 1) to reduce the influence 
of fast transients in the supply voltage. 


The TL7700AI series is characterized for operation 
from — 25°C to 85°C ; the TL7700AC series is cha- 
racterized from 0°C to 70°C. 


* TL7702A R1 = 0Q, R2 = open, TL7705A Ri =7 8 KQ, R2 = 10 KQ; TL7709A Rf = 19 7 KQ, R2 = 10 KQ 3 TL7712A Rt = 32.7 KQ, R2 = 10 KQ; 


TL7715A Ri = 43 4 KQ, R2 = 10 KQ 
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TL7700A-Series 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, Vcc (see note 1) 
Input Voltage Range at RESIN — 0.3 to 20 


High-level Output Current at RESET m 
Low-level Output Current at RESET m 


A 

A 

Tamb Operating Free-air Temperature Range : TL77XXAI — 25 to 85 °C 
TL77XXAC 0 to 70 C 

C 


Storage Temperature Range — 65 to 150 is 


Notes: 1. All voltage values are with respect to the network ground terminal. 
2. For the TL7700A, the voltage applied to the SENSE terminal must never exceed Vs 


afpjece<q]-[-fg 


V; Input Voltage at SENSE:  TL7702A (see note 2) — 0.3 to 6 
TL7705A — 0.3 to 10 
TL7709A —0.3 to 15 
TL7712A — 0.3 to 20 
TL7715A — 0.3 to 20 


RECOMMENDED OPERATING CONDITIONS 


V; Voltage at Sense Input 
ton | Highevel Output Curent atRESET | 
tor | Lowlevel Output Curent at RESET | Sid SCidYS(Ct CS 

Tamb Operating Free-air Temperature Range - 25 ae ee 
id 


Note: 3 For proper operation of the TL7702A, the voltage applied to the SENSE terminal should not exceed Vs — 1 V or 6 V, whichever is 
less : 


18 


| Unit 
See Note 3 
V 
16 
i 


3.6 
2 


CONNECTION DIAGRAM AND ORDER CODE 


| Temperature Plastic 
Range Minidip 
Commercial 
0070 C TL77XXACP TL77XXACD 
Industrial 
~ 40 to 85 °C TL77XXAIP TL77XXAID 
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TL7700A-Series 


THERMAL DATA 


Thermal Resistance Junction-ambient Max. 120 


ELECTRICAL CHARACTERISTICS these specifications unless otherwise specified, apply for : 
Tamb = — 25 to 85 CC (TLXXAI) ; Tamp = 0 to 70 °C (TL77XXAC) 


[Vou | High-evel Output Votage at RESET [lon=-16ma [vets[ 
[Vor [Low-Level Output Volage at RESET [lo =tema | —+| + 
v ase 


T Threshold Voltage at TL7702A 
SENSE Input 


TL7705A 
| Tvecay | 100 
coiled 


| Unit _| 


Threshold Voltage at 
SENSE Input 


TL7709A| Vs =3.6 V to 18 V 
ae ee ee 
[aed 


Fang @P5eC 
TL7712A| 2" 
TL7715A 45 


nurroaal VerssvioteV [7s [76 [77 |v 
| tC t at SENSE 
lon High-level Output Current at RESET Vo =18 V Pf | 50 


TL7715A 
TL7702A 
TL7709A | Vs = 3.6 V to 18 V V 
TL7712A 

| lo.__| Low-level Output CurrentatRESET |Vo=oV ss | ——s| Ss ~ 500 | 

| 's__| Supply Current | All Inputs and out. open| | 18 | 33 | mA _ 


TL7715A 
Hysteresis (2) at SENSE | TL7702A ie, Ae 
ee ee 
Notes: 1. All characteristics are measured with C = 0.1 uF from Pin 1 to GND, and with C = 0.1 pF from Pin 3 to GND. 
2 Hysteresis is the difference between the positive going input threshold voltage Vr., and the negative going input threshold voltage, 


Input TL7705A 
eee ae ee | 
Vr 
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TL7700A-Series 


SWITCHING CHARACTERISTICS 


Symbol Test Conditions 


t Pulse Width at SENSE Input Vih = Vityp + 0.04 x V, 
Vit = Vityp ae 0.04 x V, 


todHL Propagation Delay Time from RESIN C. =100 pF Vs =5 V 
to RESET Ry = 4.7 KQ 


Rise/Falltime at RESET and RESET CL =10pF Vs =5V 1 us 
Ri =4.7 KQ 


fl Vs 
SENSE 
5 Se 
RESET RESIN RESET peeer 
TL7712 TL7705 
REF i Cy REF 
GND GNO 


S-8038 


Vg 
SENSE RESET 


RESIN 


TL7712 


REE 
GND 
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If icRoELEcTROMES L585 


CAR ALTERNATOR REGULATOR 


PRELIMINARY DATA 


a ALTERNATOR VOLTAGE CONTROL 

» COMPLETE FAULT DIAGNOSTICS 

a INTERNAL DRIVER FOR 3W LAMP 

a LAMP SHORT CIRCUIT PROTECTION 

a SENSING INTERRUPT PROTECTION 

» 100V DUMP PROTECTION 

a 300V LOW ENERGY SPIKE PROTECTION 
a» THERMAL PROTECTION 


DESCRIPTION 


The L585 is an integrated circuit designed for use 
with an external NPN darlington as a voltage regu- 
lator in a threephase alternator charging system. It 
includes fault diagnostic circuitry which drives a 3W 
warning lamp in fault conditions such as open or 
short circuit connections. Protection against load ORDER CODES : L585 (DIP-16) 

dump transients, short circuits and low energy L585D1 (SO-16) 
spikes is incorporated. 


BLOCK DIAGRAM 


OVERVOLTAGE, CURRENT LIMITING 
SENSING INTERR.., THERMAL PROTECT. 
SENSING GND OVERVOLT. PROTECT 


LOW PHASE 
O DETECTION 


BATTERY & NO POWER 
O ALTER. VOLT SUPPLY 

SENSING DETEC. 
C) 0 


O © 
5 16 MBGLSES-B2 
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L585 


PIN CONNECTIONS (top view). 


BATTERY VOLT. SENSING 
PHASE VOLTAGE SENSING 
N.C. 

LAMP DRIVER 

GND 

USEC. CAPACITOR 
SUPPLY VOLTAGE 


ALTERNATOR VOLT. SENSING 
FILTER CAPACITOR 


GND 
ALTERNATOR O 


ERU 
DJU 


U 
A 


DARLINGTON DRIVER 
N.C. (*) 
N.C. 0*) 


ONnvN oO UW B® WN 


MNESLS&ES-E1 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


D. C. Supply Current 
Pulse " . (5mS < trse S$ 10Ms, 
t; fall time constant = 100ms) 


D. C. Voltages 


Transient Voltages : 


Load Dump : 5ms § trise < 10ms, 
t¢ = 100ms, Rsource 2 0.52 


Low Energy Spikes : 
trise = 100uS, Tra =S300US, Rsource = 8002 


Lamp Driver Current (ON state) int. limited 
Junction and Storage Temperature Range — 55 to 150 
| Po __| Power Dissipation at Tams = 80°C 


THERMAL DATA 


Rth j-amb Thermal Resistance Junction-ambient (*) for DIP 16 Max 80 °C/W 
Rth j-alumina(’)} Thermal Resistance Junction-alumina for SO-16 Max 50 °C/W 


Note : Soldered on PC board that simulates an application with medium device density on board. 
(") Thermal resistance junction-pins with the chip soldered on the middle of an alumina supporting substrate measuring 15 6 20 mm ; 0.65 mm 
thickness and Infinite heathsink. 
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L585 


PIN FUNCTIONS 


Alternator Voltage 
Sensing 


Connection for voltage regulation sensing. Va_t can be changed 
modifying R; value. The regulation sensitivity is a function of R1 and is 
given by : 


_ AVatt 
A R1 


A capacitor connected between these two pins filters the feedback signal 
from the regulated output and provides a capacitive hysteresis to avoid 
spurious switchings of the external darlington. Typically the input 

impedance is 15KQ. 


When this pin is left floating the overvoltage threshold is a described in the 
specification. Typically the warning lamp is switched on when the voltage 
at this pin is greater than 3.5V. This threshold can be modified with a 
resistor between either the ground or pin 2. 


/GND sd This pin must be connected to ground. 


Darlington Driver The internal open collector stage disables in PWM mode the external 
power darlington. 


7-8-9 ING. ss These pins must be left floating. 


IC Supply Voltage Supply Voltage Input 
A 7.5V (typical) Zener is present at the input. 


11 Oscillator Capacitor A capacitor connected to ground sets the frequency of the internal 
oscillator. The frequency is given by : 


= 0.56mV/Q 


Filter Capacitor 


Alternator Overvoltage 
Adjustment 


20 x 10-6 
8.4 x Cose 


This pin must be connected to ground. 


Driver for External Alarm Lamp 


Internally protected agains short circuit (current limiting), load dump 
transients and, by means of a zener, against low energy spikes. 

Phase Voltage Sensing. Connection for no charge sensing from the alternator . 

The internal low threshold is typically 2.4V. By means of the external 

divider R3/R4 the threshold can be adjusted to give the required sensitivity. 


Connection for Voltage Battery Sensing 
This pin senses a failure of the alternator-battery lead as the voltage 
difference Vact-Vpat. The external resistor R2 limits the current in 

overvoltage protection. 


fose = 


Battery Voltage Sensing 
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L585 


ELECTRICAL CHARACTERISTICS (V, = 14.4V ;-30°C <T, < 100°C unless otherwise specified ; 
refer to application circuit) 


| Symbol | Parameter | Test Conditions | Min. | Typ. | Max. | Unit | 
REGULATION 


[ve [Operating Suppiy vonage = SSCSC~C—~‘“‘~*~SCSC~‘~dr Ce’ | CP 
[ta | Quiescent Drain Gurrent pin 10) [Vn Sev «dT SiS] 
V 


VALT Alternator Reg. Voltage T; = 20°C, 100ms After 14.26 | 14.55 | 14.84 


Ignition 
Ry =1.3KQ (1) 
T; =— 30°C 14.60 15.50 


T, = + 100°C V 
10% <d < 90% fee || mw 
Ts | Sensitivity to, Variation '(| S=dVaydR; | 098 |_| 0658 | mvia | 


TCns Normalized $ 1/S* dS/dT — 2000 ppm/°C 
Temperature Coeff. 


alate Driver Satur. Voltage fIg=20mA sid = 20mA 


DIAGNOSTIC 


Overcharging Voltage 
Threshold (2) 


Ry, =1.3KQ 
Vs = Van (3) 
— 30°C < T, < + 100°C 


Low Level Phase eh T, = 25°C V 
Threshold (no load) — 30°C < T, < + 100°C re : V 
Difference eile a and T, = 25°C 2.33 3.10 3.88 V 
Supply Voltage (5 — 30°C < T, < + 100°C 2.00 3.31 4.18 V 
Lamp Driver SRG Voltage 1,3 =250mA |_| 18 | 
Vi 3 off Lamp Driver al Without V 
Power Supply (6 


Notes: 1. d=50% the duty cycle of the output signal at pin 6. 

2. The lamp is switched on with a fixed delay when the alternator voltage becomes higher than Van (overcharge indication) 

3. Measured 100 ms after turn-on 

4. The lamp ts switched on with a fixed delay when the voltage Vp becomes lower than Vex (the alternator is not charging the battery). 
5 The lamp Is switched on when the cable B Is broken (Vatt - Vs becomes higher than Vas). 

6 The lamp is switched on when the cable A is broken (IC without power voltage supply). 

7. When the voltage at pin 1 is greater than V; gp the internal darlington for the lamp driving is switched off. 
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L585 


ELECTRICAL CHARACTERISTICS (continued) 


Symbol [Parameter | Test Conaitions | win. | typ. | Wax. | Unit 


PROTECTION 


eek Darlingtyon Thermal Shutdown 150 er 
Threshold 

Vzen (pin 10) Zener Voltage lo = 60mA V 

lo = 1380mMA By 2 : 2 V 


Lamp Driver Circuit Current 


Vz213 Zener Clamping Voltage 


Notes: 1. d=50% the duty cycle of the output signal at pin 6. 


Vidp Overvoltage Protection T, = 25°C 25 38 V 
Threshold (7) — 30°C < T, < + 100°C 23 40 V 

12713 Zener Capability Current during : 3 = 110V@ T, = 25°C 200 mA 
Low Energy Spikes = 50V@ tT = 100ms 


. 3 = 100mA@ 
t=<3ms 
1, 3 = 40mA@ 


t=< 6ms,0<Ty < 100 
—- 30°C < Ty <0 


| 300 | | 1500 | mA_| 


The lamp is switched on with a fixed delay when the alternator voltage becomes higher than Vay (overcharge indication). 


Measured 100ms after turn-on 


The lamp is switched on when the cable B is broken (Va - Vs becomes higher than Vas). 
. The lamp is switched on when the cable A is broken (IC without power voltage supply) 
. When the voltage at pin 1 is greater than V; gp the internal darlington for the lamp driving is switched off. 


CIRCUIT OPERATION 


4 
2 
3 
4 The lamp is switched on with a fixed delay when the voltage Vp becomes lower than Vpx (the alternator is not charging the battery). 
5 
6 
7 


The L585 alternator regulator performs three main functions : regulation control fault diagnostics and pro- 


tections. 


REGULATION 


The alternator voltage is compared with a reference 
voltage in an error amplifier (See block diagram), the 
output of which determines the duty cycle of the ex- 
ternal darlington by comparison with the triangle 
wave form of the internal oscillator. This darlington 
switches the current in the excitation coil of the al- 
ternator. 


The switching frequency is fixed and is set by the 
external capacitor Cosc (see application circuit). 


DIAGNOSTIC 


This circuit receives information from the battery, the 
alternator and one alternator phase. It indicates 
anomolous conditions by driving a 3W lamp. To 
prevent spurious fault warnings some indications 
are not displayed immediately but are delayed by a 
fixed time. No external components are needed to 
implement this delay since it is produced internally 
by dividing the internal oscillator with an eight-stage 
divider to give a delay of 128 periods. For a one 
second delay the oscillator frequency must be 
128 Hz. 


Capacitive positive feedback (Cr) and a monostable 
eliminate spurious switching caused by Vat output 
noise and voltage drop at pin 10 during the turn on 
of the external darlington.The base current de- 
livered to the external darlington is set by the resis- 
tor Re (see application circuit) and must be 
dimensioned according to the characteristics of this 
darlington and the maximum coil current. 


The lamp is driven after a delay when the following 
conditions occur : overcharging, phase low level (no 
charge) break or short circuit to GND in the alterna- 
tor sense wire. In these two last cases the external 
darlington is switched off. 

The diagnostic lamp is driven immediately when the 
cable connecting the alternator to the battery is bro- 
ken (Va-Vbait above 3.1 typ.) or when the IC is wi- 
thout power supply (Vce sat of the lamp driver is 2.4V 
typ. in this case). The external capacitor Cp, at 
pin 13, avoids spurious alarms at — 40°C. 
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L585 


PROTECTION 


SHORT CIRCUIT PROTECTION 


The integrated darlington is protected against short 
circuits of the lamp. The short circuit current is 
limited at 600mA and if this condition persistes ther- 
mal protection will intervene. 


DUMP PROTECTION 


The whole IC is protected against load dump tran- 
sients (100V, 100ms fall time constant with a rise 
time within 5-10ms) in the typical application circuit. 
The only component to which this transient is direct- 


Figure 1 : Application Circuit. 


C= 22nF 


The device is able to withstand all the voltage tran- 
sients mentioned in ISO DP7637/1. If voltage tran- 
sients more severe than the above ISO standard 
have to be withstood, an external protection device 


£% 
Ss 


2) BOX53C 


ly applied (no series resistances) is the lamp driver 
darlington. During transients the darlington is kept 
off and can withstand peak voltages of 100V. Addi- 
tionally, the IC can withstand low energy spikes up 
to 200V(trise = 1008, Tr = 8300S, Rsource = 800 ohm). 
These spikes are clamped by an internal 100 V ze- 
ner on the collector of the lamp driver darlington. 


THERMAL PROTECTION 


When the IC temperature reaches 170°C the lamp 
driver darlington is kept off. 


IGNITION 
cae 


BOM WARNING 


dee 


(transil) must be connected between pin 15 and 
GND. For transients up to 250V, tpulse = 500us, 
Rsource = 47, the transil P6KE100P is recom- 
mended. 
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ONE CHIP CAR ALTERNATOR REGULATOR 


ADVANCE DATA 


» NO EXTERNAL COMPONENTS 

a» PRECISE TEMPERATURE COEFFICIENT 
a PRECISE REGULATED VOLTAGE 

a HIGH OUTPUT CURRENT 

a SHORT CIRCUIT PROTECTED 

» REVERSE BATTERY PROTECTION 

a +80 VLOAD DUMP PROTECTION 

a LOW ENERGY SPIKE PROTECTION 

a» THERMAL SHUTDOWN 

a VERY LOW START UP VOLTAGE 


DESCRIPTION 


The L9480VB is a "single function" self-oscillating 
voltage regulator for car alternators. Integrating both 
the control section and the output power stage ona 
single chip, the L9480VB requires no external com- 
ponents, reducing significantly the cost of the sys- ORDER CODE : L9480VB 
tem and increasing reliability. 


BLOCK DIAGRAM 


LOAD DUMP CURR. LIMIT. 
PROTECTION AND THERM. 


COMPENSAT. - 
{__) () 


INPUT THERMAL Ro 
DIVIDER PROTECTION 


vO ae INPUT 
REFERENCE COMPARATOR 


S -10686/1 
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This ts advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice 
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L9480VB 


ABSOLUTE MAXIMUM RATINGS 


THERMAL DATA 


Thermal Resistance Junction-case 


PIN CONNECTIONS (top view) 


aS connected to pin 3 


Parameter 


Vs Transient Overvoltage : 
Load Dump : 5ms < Trise $ 10Mms 
t Fall Time Constant < 100ms, Resource 2 0.52 
lclamp Current into Low Energy Clamping Zener 
(Trise = 5US ; Tdecay S$ 2ms ; duty cycle < 5%) 
Maximum Output Current 
Junction and Storage Temperature Range — 55 to + 150 


|) “OUTPUT 
| GROUND 


es) 


DEVICE OPERATION 


The alternator voltage, rectified by the auxiliary 
diode trio, is compared with an external reference 
and the resulting signal switches the output stage, 
driving the alternator field coil. 


As the regulator ts a self-oscillating type, the switch- 
ing frequency depends on the whole system par- 
ameter set (including the alternator characteristics). 


The regulator has an integrated filter in the voltage 
sensing path. Consequently it doesn’t need -in the 
standard application- any external component. 


Anyway an external capacitor (0.1 - 1F) must be 
inserted between Vs and Ground guaranteeing the 
correct behaviour of the L9480VB when the recti- 
fying diodes feature very high switching spikes that 
are not filtered by the device. 


This external capacitor must also be used when the 
impedances of the cables connecting the alternator 
to the battery are so high to cause a superimposed 
ripple on the alternator voltage higher than 3-4V. 


$-5893/1 


The L9480VB regulation voltage and the tempera- 
ture coefficient may be independently set by suited 
metal mask selections ; furthermore the regulation 
voltage is trimmed within + 1% of the nominal value 
@ 25°C. 


The L9480VB has an unique -and patented- system 
to compensate the self-heating of the die due to the 
power dissipated in the output stage. In this way the 
internal reference voltage tracks the case tempera- 
ture rather than the die one. 


The L9480VB can withstand the reverse battery 
and the load dump (up to 80V) ; it can absorb, into 
the internal clamping zeners, low energy spikes up 
to a level of 100mA and its output is short circuit pro- 
tected. 


Finally the internal thermal shutdown avoids any 
possible device damage due to overtemperature 
problems. 
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L9480VB 


ELECTRICAL CHARACTERISTICS(— 40  <Ty < 125 © unless otherwise noted) 


Symbol Test Conditions 
Regulation Voltage a ee 
Error on Nominal Voltage T, =25 °C 


Cr Temperature Coeff. of the 
Regulation Voltage 
eCr Error on Nominal 
Temperature Coeff. 
Load Regualtion 0.1 In < lar < 0.9 I, 
(note 1) 
Control Circuit Minimum Measured at Supply Pin 
Start up Voltage 
Shutdown Voltage (dump 
protection threshold) 


£3 


250 


& 
° 
o~ 


2 


2 


Ei 


=e 
No 
. 
< 


Vr 
Vsu 
Vsd 
Output Saturation Voltage 
Start Up Saturation Voltage lfeigd = 200 MA 
alle Quiescent Current Field Off 
[ts | Supply Curren 


j=) 
NX 
5 
< 


2] 
20 
50 
Field Pin Sink Current Field Off 

Field Pin @ 16 V 


V+ ctamp| Low Energy Clamping Zener] Iclamp =50 MA 
Voltage 


Switching Frequency 01 In < lant < 0.9 Ip 30 


Note: 1. measured on an alternator with the following characteristics * In = < 90A ; lat / lew > = 23 


APPLICATION CIRCUIT 


V,- SENSING 


FIELO 
L9480VB 


STATOR 


GROUND 


$-9282/1 
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» DRIVES DIRECTLY 300 mA ALARM LOAD 

» PROGRAMMABLE INPUT POLARITY TO 
ACTIVATE THE OUTPUT STAGE 

» PROGRAMMABLE DELAY TIME 

s PROGRAMMABLE OUTPUT DUTY CYCLE 

a» OUTPUT SHORT CIRCUIT PROTECTION 

» OVERVOLTAGE AND THERMAL 
PROTECTION 


DESCRIPTION 


The L4620 is an integrated circuit, designed for the 
liquid level control in automotive applications. The 
liquid level is indicated by an attenuation between 
transmitted and received signal across a sensor tip 
in the Iquid. If the attenuation exceedes an internal 
threshold - sensor tip outside the liquid or liquid tem- 
perature higher than a determined value - a square- 
wave alarm output indicates an unsufficient liquid 
condition. If the liquid level is restored before the end 
of a delay time the alarm is not activated. 


BLOCK DIAGRAM 


SGS-THOMSON 
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L4620 


LIQUID LEVEL ALARM 


PRELIMINARY DATA 


Through two pins itis possible to program : the delay 
time to activate the alarm, the duty cycle of the 
output Ssquarewave, the polarity of the input thre- 
shold of the sensor for alarm activation. 


The above features make the L4620 particularly ver- 
satile for many applications and give the possibility 
to use various sensor types. 


Internal circuits prevent spurious indications from 
the liquid sensor and a latch keeps the alarm acti- 


MINIDIP 


ORDER CODE : 14620 


SENSOR 


: a SENSOR 
(1) OSCILLATOR 


November 1988 


DRIVER 
OUTPUT 


PROGRAMMING 
INS 


@) 
ALARM a 6) 


POLARITY 
DERRY = CHOICE : 
(6) 
PULSE 
DRIVING 


STAGE 
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ABSOLUTE MAXIMUM RATINGS 


| Symbol | s~Parameter | Sate |__| 
ao Sensor Input Voltage (V2 High) 
[Piss | Power Dissipation at Tam =70°SSOSC~“~*~*~“~—SCSC“‘“‘CSCtSSSCSC*dSC‘i 


PIN CONNECTION (top view) 


SENSOR POLARITY 
SELECT 


DUTY-CYCLE SELECT 
ALARM DELAY 
SELECT 


ALARM DRIVER OUTPUT 


SUPPLY VOLTAGE 


THERMAL DATA 


Thermal Resistance Junction-ambient Max 100 
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L4620 


PIN FUNCTION (Block Diagram) 


pone | Name | Function 


1 Oscillator A capacitor Cos, connected to ground and a resistor Ros, connected to pin 5 
(supply voltage) set the frequency of the internal oscillator. The period is given 
by ; Tose = 0.693 (Rose + 5000) Gace 

2 Sensor Output A squarewave is available at this pin to drive the external sensor. The output 
frequency is 1/32 of the internal oscillator fosc, i.e. 50HzZ using the values of 
Rose = 180kQ and Cosc = 4.7nF for the external components. 

3 Sensor Input 
Vsensu, the Vsens value is reduced to Vsensi_ = 0.22V2 (typ), providing an 
hysteresis available with both the programmable polarities. 

This pin must be connected to ground. 

5 Supply Voltage Supply voltage input. A 4.5V (typical) zener is present at the input. The external 
resistor limits the current through the zener for high supply voltages. Moreover 
when the voltage at this pin is down 2.5V (typical) the internal reset circuit is 
activated to inizialize the counters and to reset the memory alarm latch. 


Alarm Driver Output] An internal open collector stage is available at this pin to drive the external alarm 
indicator by a rectangular waveshape. The output period depends on the external 
component Rose and Cosc. Using the recommended values of block diagram the 
period T is 320ms (typ). The duty cycle depends on the status of the 
programming pin 8 (see pin 8 function) and can be or 1:2 or 1 : 641i. e., refer to 
fig. 2, t= 160ms ort = 5ms. 


Connection for liquid level sensing. During the zero level of the squarewave signal 
at pin 2, the internal sensing circuit is disabled. During the high level of the wave 
shape the input is compared with a threshold which depends on the output 
sensor voltage at pin 2. When the voltage at this pin is low, the threshold value 
is given by : 

VsensH = 0.4Vo (typ). If the input voltage becomes higher than the above 


Alarm Delay Select | This program pin selects the alarm delay to activate the output stage after a low 
liquid level indication of the sensor. The delay depends on the internal oscillator 
frequency. Refer to application circuit, if this pin is kept low the typical delay is 


10.24s. When this pin is kept high, the typ delay becomes 20.48s. 


Through this pin it is possible to program both the sensor polarity with respect to 
the internal threshold and the duty-cycle of the output waveform which drives the 
alarm. When this pin is kept low the output rectangular wave duty cycle is 1:64 

(T = 320ms, t = 5ms in fig. 2) and the output is activated, after the delay time, if 
the voltage at pin 3 is higher than Vsens. When the voltage at this pin is high the 
output duty cycle is 50% (t = 160ms) and the output goes on, after the delay 
time, if the voltage at pin 3 is less than Vsens. 


Sensor Polarity 
Select Output 
Duty-cycle Select 
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L4620 


ELECTRICAL CHARACTERISTICS (Tamp = 25°C, unless otherwise specified. Refer to block 
diagram for external component values) 


Test Conditions Ty 


Vz Internal Zener Voltage Is =24mA 4 ; 
(pin 5) 
Is 


Loolee | Supply Current (pin 5) Vs =3.8V ise | 6.5 11 m 
Oscillator Frequency (pin 1)| Rosc = 180kQ, Cosc = 4.7nF 16 | 4.75 | kHz 


V7, Ve Programming Pins Input Low State al 0.3 V 
Voltage (pin 7, 8) High state 
-1 


I7, lg Programming Pins Input V7 =Vs =0V Eat. | 
Current (pin 7, 8) 


Vo Sensor Drive Output 
Voltage, (*) 
Sensor Driver Output — 1 
Current 
Sensor Input High Vo =High 0.33 


Unit 


on 


aN 
o1)}T 


> 


— 
ol 
oO 


> 


oO 


Threshold Voltage Versus Voin3 < Vsensb 
V2 (pin 3) 


Vsenst | Sensor Input Low Threshold Vo =High 0.15 
Vo Voltage Versus Vo (pin 3) Voin 3 > VsensH 


Vcotamp3c | Sensor Input Clamping — 100A < Isens < 100HA — 0.1 
Voltage (pin 3) Vo =Low 


psoas Hl 


Ta | Delay Time fose = 1.6KHz V7 = Low | | 10.24 
V7 = High | | 20.48 
Vout(sat) | Output Stage Saturation lout = 200MA 
Voltage (pin 6) (**) 
Vout(clamp)| Output Stage Overvoltage | lout = 70mA 19 21 
Protection (pin 6) 
4 


*) This is a squarewave signal The frequency is given by: f= —— fose. 
32 
{ 
**) The output squarewave signal frequency Is given byf= —— _ fosc 
512 
The duty cycle depends on the state of the pin 8 and can be or 1:2 or 1 : 64, i.e. refer to figure 2, T = 320 ms, t = 160 or 5 ms when the 
oscillator frequency fose = 1.6 KHz. 
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CIRCUIT OPERATION 


The L4620 liquid level alarm is designed to operate 
with a variety of sensor types which change imped- 
ance depending on whether the sensor is above or 
below the level of a liquid. If the impedance variation 
of ther liquid itself is sensed, a very simple sensor 
(two electrodes) can be used. The output stage 
drives directly the alarm indicator with a 300mA rec- 
tangular wave signal, the duty cycle of which is pro- 
grammable. 


SENSOR INTERFACE. 

As shown in the application circuit, the sensor is 
connected so that it varies the attenuation of a squa- 
rewave signal between pin 2 and pin 3 where its po- 
sitive half cycle is compared with the reference 
threshold (with hysteresis). 

This frequency, generated internally by a 50% duty 
cycle oscillator, is 50Hz in the typical application 
(Rose = 180KQ Cose = 4.7nF). 

The threshold of the sensor input is a function of the 
output voltage at pin 2. The hysteresis is provided 
by a Schmitt trigger comparator. As shown in fi- 
gure 1, this gives hysteresis with either threshold 
polarity selected. 

The AC driving of the level sensor allows the use of 
a capacitive filter (Ca, Cp, Cc in block diagram) 
which acts as a bandpass filter at the frequency 
used. The resistor Rc in the application circuit biases 
the sensor input stage. In this way the interference 
problems typical of automotive applications are re- 
duced considerably. If, however, it is not necessary 
to decouple and filter the sensor a simple resistive 
network may be used, eliminating the capacitors. 


SPURIOUS INDICATION PROTECTION. 
To prevent spurious alarm signals when the liquid 


L4620 


is agitated or in the presence of interference, the de- 
vice includes two protection mechanism : 


Firstly, the sensor interface which samples the po- 
sitive half cycle of the sensor signal activates its out- 
put only if there are four consecutive alarm condi- 
tion indications. Secondly, the alarm output stage is 
only activated after an externally programmable de- 
lay. During this delay if the alarm condition ceases 
the alarm output will not be activated. 


Using the values Cosc = 4.7NF and Rose = 180KQ, 
which give a typical oscillator frequency of 1.6KHz, 
delays of about 10 s (programming pin 7 low) or 20s. 


INTERNAL MEMORY. 


When the alarm output has been activated an inter- 
nal latch holds it in the active state until the power 
supply is removed. This feature ensures that the 
alarm will not be interrupted if the sensor connec- 
tion breaks. 


OUTPUT STAGE. 


Through pin 8 it is possible to program the duty cy- 
cle of the alarm signal waveform (see figure 2). 
When pin 8 is high the output signal has a duty cy- 
cle of 50% ; if pin 8 is low the duty cycle is 1 : 64. 
The period of the output signal is always 320ms 
using the component values indicated in block dia- 
gram. 


The output stage can deliver up to 300mA and is 
protected internally against overvoltages (by a ze- 
ner). 


A thermal shutdown circuit provides additional pro- 
tection. 
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L4620 


SENSOR INPUT WAVEFORM 
Figure 1a : Pin 8 Low; Alarm with Input Voltage > Threshold. 


~ —~— int =0.4V Griv(pin2) 
hysteris 


Vth2= °22Variv(pin 2) 
1 
] 


| ALARM ALARM 


ern ats CONDITION CONDITION. 


Figure 1b : Pin 8 High ; Alarm with Input Voltage < Threshold. 
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1 
Figure 2a : Output Alarm Waveform with Pin 8 High: t= —~ T. 


lout 
(pin6) 


1 
Figure 2b : Output Alarm Waveform with Pin 8 Low : t = 64 ‘'- 
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PWM POWER MOS CONTROLLER 


ADVANCE DATA 


a HIGH EFFICIENCY DUE TO PWM CONTROL 
AND POWERMOS DRIVER 

a» LOAD DUMP PROTECTION 

a LOAD POWER LIMITATION 

a EXTERNAL POWERMOS PROTECTION 

a LIMITED OUTPUT VOLTAGE SLEW RATE 


DESCRIPTION 


The L9610C/11C is a monolithic integrated circuit 
working in PWM mode as controller of an external 
powerMOS transistor in High Side Driver configura- 
tion. 


Features of the device include controlled slope of 
the leading and trailing edge of the gate driving vol- 
tage, linear current limiting with protection timer, set- ORDER CODES : L9610C 
table switching frequency fo, TTL compatible enable L961 
function, protection status ouput pin. The device is 
mounted in SO 16 micropackage, and DIP 16 
package. 


BLOCK DIAGRAM 


A OUTPUT 
STAGE 
© put> 
BANDGAP 


EN TRIANGLE 
ose $81-f overt 
PUL 
SENSE 


SENSE 
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L9610C/11C 


ABSOLUTE MAXIMUM RATINGS 


Transient Peak Supply voltage (R; = 100Q) : 


Load Dump : 

5ms < tise < 10ms 

t: Fall Time Constant = 100ms 
Rsource 2 0.5Q 

Field Decay : 

5ms < tra < 10mMS, Rsource 2 102 

t, Rise Time Constant = 33ms 

Low Energy Spike : 

trise = 1WS, tran =2mMs, Rsource 2 102 


Maximum Supply Current (t < 300ms) 
-0.3< Vin < Vs — 2.5 


— 55 to + 150 


Thermal Resistance Junction-alumina 


Thermal Resistance Junction-ambient 


Note . (“) Thermal resistance junction-pins with chip soldered on the middle of an alumina supporting substrate measuring 15 x 20mm :0.65mm 
Thickness and infinite heatsink. 


CONNECTION DIAGRAM 


N8BLIb61EC-B2A 
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L9610C/11C 


PIN FUNCTIONS 


A capacitor connected between ——__E pin and Oute defines the GATE 
Voltage Slew Rate. 
Analog Input Controlling the PWM Ratio. The operating range of the 
input voltage is 0 to Vr. 
a a a es, Output of an Internal Voltage Reference 
a TTL Compatible Input for Switching off the Output 
5 PWL If this pin is Connected to GND and Vs > 13V, the duty cycle and the 
frequency fo are reduced : this allows to transfer a costant power to the 
load. 


Osc The capacitor connected to this pin defines the frequency of the 
internal triangle oscillator. 
SENSE Input of an Operational Amplifier for Short Current Sensing and 
Regulation. 


ps8 | NC | Not Connected. 
Fee ae. Common Supply Voltage Input 
Common Ground Connection 


11 TIM A capacitor connected between this pin and GND defines the protection 
delay time. 


Open Collector Monitoring Output off the PowerMOS Protection. 
13,15 P2, P1 Connection for the Charge Pump Capacitor. 


14 BS The Capacitor Connected between this Pin and the Source of the 
Power MOS Allows to Bootstrap the Gate Driving Voltage. 


Output for Driving the Gate of the External PowerMOS. 
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L9610C/11C 


ELECTRICAL CHARACTERISITCS (Tam) =— 40°C to 85°C ; 6V < Vs < 16V unless otherwise specified) 


[Parameter | Test Conditions| in. | Typ. [Max | Unit 
"ve | Gperating Suppyyvotage Pi te 
A CT 
v 


[ven | Supply Vottge High Threshols | _——~—S«d ~~ tas | at | 
[Vex | Supply Vonage Low Threshos | ——S—~dY =i Pr | 
[Va [Reference votage Sid SSSC*~=“~*~“‘irSC Cds 
[In [Reference Current _——~‘dtavastoomv | | Sit «dma 
[Vise [Input tow Threstoid@———SidSSSSCSC*iCt Pate 
[Ke | Ostitator Frequency Constant | Nowet fF e00 | ‘| 2000 | Fis | 
[| Proteation Time Delay Constant [Notes | 0.17 [| 0.89 | msinF | 
[Ver | Sense inputVotage S| SSSC*idCn Pte 
[Veo | Gate Driving Voltage above Ve [Veztev | 8 [| te | v_ 
[Veorr | Gate Votage in OFF Condition | Io= 100A | +f ite | 
iw | iputcurent = 
[Vem [Low Enable votegs sd 
[Ven | High Enable Votage SiS 
[ten | Enable input Gurrent ‘| 
[sr [SewRate—~S~s host Cs did 
Vuonsar | Saturation Votage (pin 12) [wow =25ma | iP i ts] 


Notes: 1. fo=Kr/Cr 
2. dVec/dt = Ks/Cs 
3. torot = Kr Cr. 


—5 
2.0 


FUNCTIONAL DESCRIPTION 
PULSE WIDTH COMPARATOR GROUND COMPATIBLE TRIANGLE 


. OSCILLATOR 
A ground compatible comparator generates the or 
PWM signal which controls the gate of the external =‘ The triangle oscillator provides the switching fre- 


powerMOS. quency fo set by the external capacitor Cr according 
to: 
The slopes of the leading and trailing edges of the f= KeIC 
gate driving signal are defined by the external capa- es 
citor Cs according to : If the pin PWL (power limitation) is connected to 
dVe/dt = Ks/Cs ground and Vs is higher than the PWL threshold 


voltage, the duty cycle and the fo frequency are re- 
This feature allows to optimize the switching speed duced : this allows to transfer a costant power to the 
for the power and RFI performance best suited for load (see fig. 2). 


the application. 
TIMER AND PROTECTION LATCH 


When an overcurrent occurs, the device starts char- 
ging the external capacitor Cr ; the protection time 
is set according to : 


The lower limit of the duty cycle is fixed at 15 % of 
the ratio between the input and the reference vol- 
tage (see fig. 1). Input voltages lower than this va- 
lue disable the internal oscillator signal and 


therefore the gate driver. tprot = KT - Cr 
“ae SGS-THOMSON 
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After the overcurrent protection time is reached, the 
powerMOS is switched-off ; this condition is latched 
by setting an internal flip-flop and is externally mo- 
nitored by the low state of the MON pin. 


To reset the latch the supply voltage has to fall be- 
low Vs- or the device must be switched off. 
UNDER AND OVERVOLTAGE SENSE WITH 
LOAD DUMP PROTECTION 


The undervoltage detection feature resets the timer 
and switches off the output driving signal when the 
supply voltage is less than Vs-. 


If the supply voltage exceeds the max operating 
supply voltage value, an internal comparator disa- 
bles the charge pump, the oscillator and the exter- 
nal powerMOS. 


Figure 1 : Typical Transfer Curve. 


TRANSFER CHARACTERISTIC 


PWM RATID 


L9610C/11C 


In both cases the thresholds are provided with sui- 
table hysteresis values. 


The load dump protection function allows the device 
to withstand - for a limited time - high overvoltages. 
It consists of an active clamping diode which limits 
the circuit supply voltage to VcLamp and an external 
current limiting resistor R1. The maximum pulse 
supply current (see abs. max. ratings is equal to 
0.3A. Therefore the maximum load dump voltage is 
given by : 
Vpump = Vsc + 0.3R1 


In this condition the gate of the powerMOS is held 
at the GND pin potential and thus the load voltage 
is: 

Vi = Vs - Vctamp - Vas 


US ¢€ UPWL DR Vs > UPWL AND PUL NOT CONNECTEC TO GND 


NBELI616C-B3A 
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L9610C/11C 


Figure 2 : The Typical Waveforms for the Power Limitation Function. 


I 

t 
NORMAL , SUPPLY | 
OPERATION , OVER- | 
| VOLTAGE |! 


{ 
OSCILLATOR SOFT, HYSTERESIS 


SHORT CIRCUIT CURRENT REGULATION 


The maximum load current in the short circuit condi- 
tion can be chosen by the value of the current sen- 
sing resistor Rs according to : 


Isc = Vsi/Rs 


Two identical Vs compatible comparators are provi- 
ded to realize the short circuit protection. 


After reaching the lower threshold voltage (typical 
value Vsi-10 mV), the first comparator enables the 
timer and the gate is driven with the full continuous 
pump voltage : when the upper threshold voltage 
value is reached the second comparator maintains 
the chosen Isc driving the NMOS gate in continuous 
mode. 


This function - showed in fig. 3 - speeds up the 
switch on phase for a lamp as a load. 


BANDGAP VOLTAGE REFERENCE 
The circuit provides a reference voltage which may 


NORMAL 
OPERATION 


| 

| 

| 

| 

I 

| POWER LIMITATION DUE TO VS 
t FOR VS>USnom-VPUL 
1 
j 
( 
| 
4 
| 


NEELIB1EC-B4 


be used as control input voltage through a resistive 
divider. This reference is protected against the short 
circuit Current. 


CHARGE PUMP 


The charge pump circuit holds the N-MOS gate 
above the supply voltage during the ON phase. This 
circuit consists of an RC astable which drives acom- 
parator with a push-pull output stage. The external 
charge pump capacitor Cp must be at least equal to 
the NMOS parasitic input capacitance. 


For fast gate voltage variation Cp must be increa- 
sed or the bootstrap function can be used. The 
bootstrap capacitor should be at least 10 times grea- 
ter than the powerMOS parasitic capacitance. 


The charge pump voltage Veump can reach to : 
Vpump = 2 Vs - VBE - VCESAT 


The circuit is disabled if the supply voltage is higher 
than Vsu. 
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L9610C/11C 


Figure 3 : The Typical Waveforms for Short Circuit Current Condition. 


LAMP START 
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L9610C/11C 


APPLICATION CIRCUIT 
Figure 4. 


OUT 
Selec * 
Maslow ie 


USR 
1 & 


OSC TIM MON GND_ EN 


Note : All node voltages are referred to ground pin (GND) 


The currents flowing in the arrow direction are assumed positive 


without Cas : Cp = 1nF 


N&8L9618C-B88A 


without Cgs : Cas must be at least 10 times higher than the gate capacitance : Cp = 100 pF. 


CONTROLLING A 120W HALOGEN LAMP WITH 
THE L96100/11C DIMMER 


The L9610C/11C Lamp Dimmer is used to control 
the brightness of vehicle headlamps using H4 type 
lamps (see fig. 5). With switch S1 open the full sup- 
ply voltage is applied to the lamps : closing the 


switch it is a possible to reduce the average lamp 
voltage as desired : 


VL=VS 


R3 
R2 + R3 


If pin 5 is connected to ground the average lamp 
voltage is constant, even for supply voltages in ex- 
cess of 13 V. 
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Figure 5 : Application Circuit. 
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The sensing resistor Rs and timing capacitor Ct 
should be dimensioned according to : 
Re e—<——VSi__ 
2lnom (@Vs=14 V) 


C 2 X limitation time 
t= SO Kp 


In normal conditions (Vcc = 14 V, maximum bright- 
ness) the voltage drop across the sense resistor 
must be 50 mV. The current limiter intervenes att- 
wice the nominal current, Inom. 


L9610C/11C 


Smohm 
RS 
PF \ 


1 UL 


ea 
TI 


158 
R1 ohm 


The timing capacitor Ct (Vet = 3.5 V) must be cho- 
sen so that the delay before intervention is twice the 
duration of the current limitation at power-on. 


The optimal value of the oscillator frequency, taking 
tolerances into account, must be slightly higher than 
the frequency at which lamp flicker is noticable (min 
60 Hz). 


The switching times are a compromise between 
possible EM! and switching power losses. The re- 
commended value for Cs is 47pF. 
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kw_ SGS-THOMSON 
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AUTOMOTIVE DIRECTION INDICATOR 


ADVANCE DATA 


» RELAY DRIVER IN CAR DIRECTION 
INDICATORS 

» DOUBLE FLASH FREQUENCY TO INDICATE 
LAMP FAILURE 

s DUMP PROTECTION (+ 80V) 

» REVERSE BATTERY PROTECTION 


DESCRIPTION 


The L9686 is a two frequency oscillator particularly PlasticMinidip 
suitable as relay driver for flashing light control in 
automotive applications. The circuit may be also 
used for other warning lamps like "handbrake on" 
etc. The lamp failure detection is given by doubling 
the flash repetition frequency. The L9686 is supplied 
in a minidip 8-lead plastic package. 


ORDER CODE : L9686 


BLOCK DIAGRAM 


OUMP OUTPUT 
PROTECTION STAGE 


DEVICE Le | 


FAULT 
7 DETECTION 


_ = — 
STAATEA LAMP 
STARTER OSCILLATOR FAILURE 
DETECTION DETECTION 


4 5 


OSCILLATOR 
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L9686 


PIN CONNECTION (top view) 


STARTER 


Vs FAULT DET. 


OUTPUT NC 


OSCILLATOR OSCILLATOR 


Field Decay : 


ABSOLUTE MAXIMUM RATINGS 
5ms § traneS 10MS, Rsource 2 2 
tr Rise Time Constant = 33ms 


Symbol 
Low Energy Spike : 


Vs Transient Peak Supply Voltage (R3 = 2202) : 
80 V 
— 80 V 
+ 100 V 
trise = 11S, tran = 2ms, Rsource 2 10Q 
00 


Load Dump : 
SMS § trise < 10Ms 
Junction and Storage Temperature Range — 55 to 150 


t Fall Time Constant = 100ms 
THERMAL DATA 


Rsource 2 0.5Q 
Thermal Resistance Junction-ambient 100 
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ELECTRICAL CHARACTERISTICS 40°C < Tamp < 85°C, 8V < Vs < 18V 


[Symbol] Parameter [Test Conditions | Min. | Typ. | Max. | Unit | 
| Vs | Operatingvotage | | te 
\v2-Vi| Clamping Voltage | See Note? | 285 | |S | 
\V2-V3| Output Saturation Voltage | Im =250mA_— | | Tt | 

Starter | Starter Resistance si See Note 2 a see ee ee 


fe | Siena Constant Kn Fn = 1/KnRoCo 1.74 
(normal Operation) Osc Frequency 
at Temperature Coefficient of Kn | See Note 3 heck SOE) WO deed 
10-3 


Duty Cycle (normal operation) 
Oscillator Constant Ke Fe = EE -2- 58 0. —— 
(lamp failure detection) Osc Frequency 
DC_re | Duty Cycle (lamp failure 
detection) 


Current Consumption Vs= 8V 2.2 3.8 mA 


Lamp Failure Threshold 
(see note 4) 


R3 = 2200 
Vs =13.5V 
ed 40°C < ol arnits < 85°C 


Notes: 1. This voltage is the threshold used to protect the circuit against overvoltage : if Vs is > than this threshold, the relay will be on and the 
voltage across the device will maintain constant increasing the current in the protective resistor R3 
2. This is the maximum value for operation. This value must be higher than 1KQ in order to limit the current in pin 8 during load dumps. 
A recommended value for application should be 1.5KQ. 
The external leakage from the blinker unit to ground must be with an equivalent resistor higher than 5.6 KQ to avoid parasitic oper- 
ation when the switch §; is off. 
This temperature coefficient is usefull to compensate the drift of the external timing network (Ri, C1). 
This threshold is calculated fora 20mQ shunt. The threshold is dependant of Voat as the bulb current. 


aad 
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FUNCTIONAL DESCRIPTION 


The application circuit shows the typical system con- 
figuration used to drive the direction indicator flasher 
relay consists of a network (Ri C1) to determine the 
oscillator frequency, a shunt resistor (Rs) to detect 
defective bulbs and two current limiting resistors 
(Re/R3) to protect the IC against load dump tran- 
sients. 


The lightbulbs Le, L3, L4, Ls, are the turn signal indi- 
cators with the dashboard-light Ls. The Si switch 
position is sensed across resistor Re and Riamp by 
input 8. The flashing cycle is starts closing S1 : then, 


Figure 1 : Application Circuit. 


: hand brake on indicator 


» LS, L4, LS: 21iW turn signals 


: dash board lamp 


30 mohms 
82 Kohms 
3.3K 

220 ohms 
4.7 uF 


after a delay time ta typically equal to 1.5 ms, pin 3 
goes high activating the relay and switching on the 
corresponding lamps Lg, Ls, (orL4, Ls). These lamps 
will flash at the oscillator frequency not depending 
on the battery voltage value (8 - 18 V). The flashing 
cycle stops and the circuit is reset to the initial posi- 
tion when the switch Sj is open. 


The lamp failure detection circuit senses the current 
through the shunt resistor Rs. When one of the light- 
bulbs is defective the voltage drop across Rs is re- 
duced to a half and the failure is indicated by 
doubling the flashing frequency. 


O+VBATT 


EMERGENCY 
BLINKER 
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fwg_ SGS-THOMSON 
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HEX PRECISION LIMITER 


ADVANCE DATA 


» HIGH PERFORMANCE CLAMPING AT 
GROUND AND POSITIVE REFERENCE 
VOLTAGE 

a FAST ACTIVE CLAMPING MINIDIP 

mw OPERATING RANGE 4.75 - 5.25 V (Plastic) 

» SINGLE VOLTAGE FOR SUPPLY AND POSI- 
TIVE REFERENCE 

» LOW QUIESCENT CURRENT 

a LOW INPUT LEAKAGE CURRENT 


DESCRIPTION 


The L9700 is a monolithic circuit which is suited for 
input protection and voltage clamping purpose. 


The limiting function is referred to ground and the 
positive supply voltage. 


One single element contains six independent chan- 
nels. ORDER CODE :L9700 
Very fast speed is achieved by internal feedback 


and the application of a new vertical PNP-transistor 
with isolated collector. 


BLOCK DIAGRAM 
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L9700 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


Supply Voltage 


Input Current per Channel 
Junction and Storage Temperature — 55 to 150 
| Pp Power Dissipation (Ta = 85°C) 


THERMAL DATA 


Thermal Resistance Junction-ambient Max 100 


PIN CONNECTION 


CHANNEL 1 [_ CHANNEL 6 
CHANNEL 95 
CHANNEL 4 
CHANNEL 3 


| Parameter | Test Conditions | Min. | Typ. | Max. | Unit | 
|Supply Voltage | 
eres 15 


V 


CC 
loc Supply Current 


Static Input Clamping Voltage 
Negative lin =— 10MA 


Positive 


Input Current (static) Vin =0 
Vin = Voc 
Vin = 50mV 
VIN = Vec — 50mV 
Dynamic Input Clamping Voltage | lin =+ 10mA 
tra =5ns 
Positive Overshoot 
Negative Overshoot 


ts (*) Settling Time See fig. 2 
Dynamic Input ee 


Crosstalk between any two Inputs| 0 < Vin < Vcc, 
fin < 10kHz 


(*) Design limits are guaranteed by statistical control on production samples over the indicated temperature and supply voltage ran- 
ges. These limits are not used to calculate outgoing quality levels. 
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Figure 1: DC INPUT CHARACTERISTIC Limit Points of the Characteristic Approximation. 


VCLS +25@6mvV 
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Figure 2 : Dynamical Input Characteristics. 
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L9700 


Figure 2 : Dynamical Input Characteristics (continued) . 


APPLICATION INFORMATION 


Most integrated circuits, both HNMOS and bipolar, 
are very sensitive to positive and negative overvolt- 
ages on the supply and at the inputs. 


These transients occur in large numbers and with 
different magnitudes in the automotive environ- 
ment, making adequate protection for devices 
aimed at it indispensible. 


Overvoltages on the supply line are faced through 
high voltage integration technologies or through ex- 
ternal protection (transil, varistor). 


Signal inputs are generally protected using clamp 
diodes to the supply and ground, and a current 
limiter resistor. However, such solutions do not al- 
ways completely satisfy the protection specifica- 
tions in terms of intervention speed, negative 
clamping and current leakage high enough to 
change analog signals. 


The L9700 device combines a high intervention 
speed with a high precision positive and negative 


M89L397808-86 


clamp and a low current leakage providing the opti- 
mal solution to the problems of the automotive en- 
vironment. 


The high intervention speed, due to the pre-bias of 
the limiter stage and internal feedback, limits the 
voltage overshoot and avoid the use of external ca- 
pacitors for the limitation of the transient rise times. 


Figure 3 illustrates a typical automotive application 
scheme. The resistor Rs limits the input current of 
the device and is therefore dimensioned conside- 
ring the characteristics of the transients to be elimi- 
nated. Consequently : 


Viransient Peak 


Rs = 
: lIN MAX 


The Cin capacitors must be used only on analog in- 
puts because they present a low impedance during 
the sampling period. 
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Figure 3 : Typical Application. 
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The minimum value for Cin is determined by the ac- but Qi = Cin Vin 
curacy required, the time taken to sample the input 
and the input impedance during that time, while the and Qi- Qe = Ib— 
maximum value is determined by the required fre- k - CIN— Vin 
quency response and the value of Rs. sothat Ip Ts= agg 
Thus for a resistive input A/D connector where : In- Ts 
Ts = Sample time (Seconds) and Cin (min) = —Fo7 Farad 
Rp = Device input resistance (Ohms) “ 100-Ts Farad 
Vin= Input voltage (Volts) oe NOI = Rp a 
k = Required accuracy (%) The calculation for a sample and hold type conver- 
Q:i = Charge on capacitor before sampling tor is even simpler : 
Qe = Charge on capacitor after sampling k = Required accuracy (%) 
Ip = Device input current (Amps) Cy = Hold capacitor (Farad) 
Thus 
100 - CH 
Gk k- Qi Cin (min) = —; Farad 
eines 100 
Lay SGS-THOMSON an 
‘7 mcnor.ectrowies 
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MICROELECTRONICS L9703 


OCTAL GROUND CONTACT MONOTORING CIRCUIT 


ADVANCE DATA 


a OPERATING DC SUPPLY VOLTAGE RANGE 
5V TO 25V 

a SUPPLY OVERVOLTAGE PULSE UP TO 40V 

a VERY LOW STANDBY QUIESCENT CUR- 
RENT 0.2mA 

a INTERNAL CLAMPING DIODES AT CONTACT 
INPUTS TO Vs AND GND 

« INPUT PULSE CURRENT CAPABILITY UP TO 

+ 500mA ;— 750mA 

NOMINAL CONTACT CURRENT OF 10mA 

DEFINED BY EXTERNAL CONTACT SERIES 

RESISTORS Ri ni-8 

CONTACT STATUS MONITORING BY COM- 

PARING THE RESISTANCE AT CONTACT 

SENSE INPUTS WITH THE INTERNAL REF- 

ERENCE RESISTOR VALUE 

HIGH IMMUNITY DUE TO RESISTANCE COM- 


ORDER CODES :L9703(DIP-20) 
PARISON WITH HYSTERESIS L9703(SO-20L) 


DESCRIPTION 
The L9703 is a bipolar monolithic integrated circuit !t contains eight contact sense inputs and eight 
for monitoring the status of up to eight contacts con- —-—“ Microcomputer compatible three-state outputs. 


nected to GND. 


BLOCK DIAGRAM 


COMPARATOR 


ra 


iv, 


M89IL3S?B3-B1 
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L9703 


PIN CONNECTION (top view) 


MN8ILI7EI-B2 


ABSOLUTE MAXIMUM RATINGS 


Input DC Current 


Input Pulse 
(test pulse specification : 


0 <tp < 2ms, f < 0.2Hz, n = 25000) 


Power Dissipation (Ta = 80°C) 
DIP 20 875 
SO 20 420 


THERMAL DATA 


Rthy-a | Thermal Resistance Junction to Ambient : DIP 20 Max 80 k/W 
SO 20 Max 165 k/W 


2/6 
kz SGS-THOMSON 
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ELECTRICAL CHARACTERISTICS (5V <Vz <25V ;—- 40°C ST, $ 125°C ; 4.75V < Veco $ 5.25V 
unless otherwise specified ; the currents flowing in the arrow direction are assumed positive as marked 
in the application circuit diagram, fig. 1). 


= leer [OT 

(device activated) 

| Venn | Enable inputVotageHIGH =| | 2 | TT 

[Ven nyt | Enable Input Hysteresis | ——~—~—~S~S~S~S 200 | 800 | a0 | 

} ten | Enable mput curens BAUS Yen<Yeo _|__{___}_5_1_pA 
|Ov<Ven<osv | -5 | -1 | [ pA 


VIN Input Voltage (device active) EN = LOW 
Rin = 6502 Vs —2 1Vs — 1.5] Vs — 0.6 V 
(device disabled) lin = 30mMA 
lin =— 30mA 
lout Output Current OUT = LOW -—15 mA 
Vout = 5.5V 
Rit Input Resistor (note 1) 5V < Vs < 16V par [oa | | ro | 
HIGH Threshold 


Input Clamped Voltage Ey = HIGH 
Vs + 0.3] Vs +1 Vs +2 V 
—2 —1 - 0.3 V 
Output Current OUT = HIGH 2 mA 
Vout =0 
LOW Threshold |A Venn] < 0.1Vs 
Rit Input Resistor 
Ris Threshold Ratio (note1) 


lac Quiescent Current EN = HIGH (tenn 2 20us) 0.12 0.16 

5V < Vs < 16V ; 

-— 40°C < T, < 100°C 
oe All Inputs Open P| oe | ma 
las 


EN =LOW 
Rr > 50kQ 
tats Delay Time/Tristate Court < 50 pF 10 Us 
(EN HIGH to output TRISTATE) 


Note «1. The input resistor threshold value is the resistor value from the IN-pin to ground at which the corresponding output changes 
its status (see fig. 3). 
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L9703 


APPLICATION CIRCUIT 


Figure 1 : Typical Application Diagram for the L9703 Circuit. The current flowing in the arrow direction is 
assumed positive. The external capacitors Cin and Court represent the total wiring capacitance 
at the corresponding pins. 


IENi1 IENS IR1 IRB 


zs 
cS 


\/ 


CURRENT . irs 
= D>—O COUT 1 
| ar VOUT 1 —_ 
CIN1i Si - 
UIN4 


C2 


RIN86 INB 
>_>) CH8 OUTB 
IINS 1 ° 
i ee COUT8 
CINB UINB J vouTs ob 
GND — 
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FUNCTIONAL DESCRIPTION 


The L9703 circuit monitors the status of the contacts 
connected to ground and through this series exter- 
nal resistors Rin to the contact sense input pins. The 
contacts equivalent circuit is supposed to be as 
shown in fig. 2. 


The L9703 circuit compares the input current with 
the current through the internal reference resistor. 
The device is designed to work with an external input 
series resistor of Rini-s = 1kQ. With this input resis- 
tor the contact current, when the contact is closed 
and the device activated (EN = LOW) is 

Vs-2V 


IN =Tka (1) 


For this calculation the limit value of the Vs to IN 
saturation voltage of 2V was considered so that the 
lowest limit value of lin is calculated in (1). 


The function of the circuit can be demonstrated with 
the transfer characteristics, showing the output 
status as a function of the input resistor Ri, shown 
in figure 3. The input resistor is a sum of the Rin and 
the contact resistance Rcon or Roorr, forthe closed 
contact : 


Ri = Rin + Roon, (2) 
and for the open contact : 
Ri = Rin + Roorr. (3) 


L9703 


The output goes HIGH when the input resistance in- 
creases above 5.3kQ (typical value) and goes LOW, 
when the input resistance decreases below 4kQ 
(typical value). The limit values of Ri = 1.1KQ for 
LOW and Ri = 2kQ for HIGH implies that a contact 
with Roon = 100Q (at lin = 10mA) will be recognized 
as ON = LOW and a contact with Roorr = 19kQ will 
be recognized as OFF = HIGH. These limits are 
valid within the supply voltage range 6V < VS < 16V 
and the ground potential difference of 
| AVGND | =0,1V. 

The internal clamping diodes at the contact moni- 
toring inputs, together with the external contacts 
series resistors Rin, allows the device to withstand 
transients at the contact connection. The contact 
series resistor Rin limits the input current at the tran- 
sient. 

The dynamic behaviour of the circuit is defined by 
the times tdo and tats. When the contact is open, the 
input capacitor Cin must be charged through the re- 
sistor Rin. In this case the total delay time may also 
be influenced by the time constant RinCin. 

The delay time tats, when disabling the device, is 
defined only by the internal circuitry. In both cases, 
an external output capacitance less than 50pF is as- 
sumed, the internal output capacitances of the 
three-state buffers are less than 5pF. 


Figure 2 : The Contact Sense Input Connection with the Contact Equivalent Circuit. 


M18GLS/EFI-B4 
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L9703 


Figure 3 : The Output Voltage as a Function of the Input Resistance at the Corresponding Contact Sense 
Input. 
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OCTAL SUPPLY CONTACT MONITORING CIRCUIT 


ADVANCE DATA 


mn OPERATING DC SUPPLY VOLTAGE RANGE 
5V TO 25V 

» SUPPLY OVERVOLTAGE PULSE UP TO 40V 

» VERY LOW STANDBY QUIESCENT CUR- 
RENT 0.2mA 

a INTERNAL CLAMPING DIODES AT CONTACT 
INPUTS TO Vs AND GND 

a INPUT PULSE CURRENT CAPABILITY UP TO 
+ 50mA, — 75mA 

a NOMINAL CONTACT CURRENTS OF 10mA 
DEFINED BY EXTERNAL CONTACT SERIES 
RESISTORS Rin1-8 

a CONTACT STATUS MONITORING BY COM- 

PARING THE RESISTANCE AT CONTACT 

SENSE INPUTS WITH THE INTERNAL REF- 

ERENCE RESISTOR VALUE 

HIGH IMMUNITY DUE TO RESISTANCE COM- 

PARISON WITH HYSTERESIS 


SO-20L 


ORDER CODES: L9704 (DIP-20) 
L9704D (SO-20L) 


DESCRIPTION 

The L9704 is a bipolar monolithic integrated circuit ; 
for monitoring the status of up to eight contactscon- _—‘[t contains eight contact sense inputs and eight 
nected to the power supply (battery). microcomputer compatible three-state outputs. 


BLOCK DIAGRAM 


IEN1 IENSB IR1 IR8 


Th et 


CURRENT 
COMPARATOR 


© 
GND 


M89LS784-B1 
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L9704 


ABSOLUTE MAXIMUM RATINGS 


line Input Pulse + 50 mA 
(test pulse specification :0 < tp < 2ms, f < 0,2Hz, n = 25000) - 75 mA 


Enable Input Voltage -—0.3t0+7 


Power Dissipation (Ta = 80°C) 
DIP-20 875 mW 
SO-20 420 mW 


Junction and Storage Temperature Range — 55 to 150 


THERMAL DATA 
Thermal Resistance Junction to Ambient Max | g0—sd| tes | ecw 


PIN CONNECTION (top view) 


na 


ow ON TO HO &® WW N 


MBILI/“E4 -B2 
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L9704 


ELECTRICAL CHARACTERISTICS (5V < Vz < 25V ; — 40°C <T; < 125°C ; 4.75V < Voc $5.25V ; 
Veat — 0.5V < Vg < Vpat — 1V unless otherwise specified ; the currents flowing in the arrow direction are 
assumed positive as marked in the application circuit diagram, fig. 1). 


fm [nme [recon a 

= sage [Te 
(device activated) 

ae ee ee ee 


Enable Input Current 2.4V< oe < Voc 
OV < Ven < 0.8V -—5 
Output Voltage HIGH 0 < lout < 100yA pe ot 
Output Voltage LOW flour=-tmA | 05 | 02 | 04 | Vv | 


Output TRISTATE Current 0 < Vout < 5.5V ee ce 


VIN Input Voltage (device active) EN =LOW Rin = 6500 
Rr = 50kQ 
Vin Input Clamped Voltage EN = HIGH lin = 50mA Vs | si 0.3) Vs +1 {Vs +2 
(device disabled) lin =— 5OmA - 1 -— 0.3 


| tour | | OUT HIGH Vour =0 | i eel ie 
a A 


Input Resistor 5V <Vs < 16V 
LOW Threshold |A VBat| S$ 0.1VBat 
Input Resistor 


HIGH Threshold 


Quiescent Current EN = HIGH (tenn = 80us) 
5V <Vs < 16V 


— 40°C < T, < 100°C 


Slin 2) Input Leakage Current 


All Inputs Closed 
Veat S$ Vo1 


orn I Leelee cre tems 1 
a | 2 | a 


Delay Time/output Court S 50pF 15 
(EN LOW to output data ready) +3RinCin 

tuts Delay Time/tristate Court < 50pF 10 
(EN HIGH to output TRISTATE) 


Notes : 1. The input resistor threshold value is a resistor value from the IN-pin to battery at which the corresponding output changes its status 
(see fig. 3). 
2. Sli is the sum of the input currents Slin =D _ 4. ln 
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L9704 


APPLICATION CIRCUIT DIAGRAM 


Figure 1 : Typical application diagram for the L9704 circuit. The current flowing in the arrow direction is as- 
sumed positive. The external capacitors Cin and Court represent the total wiring capacitance at 


the corresponding pins. 


IENB IR1 IRB 


RIN1 IN1 
—_—_ 


CINi | VINi 
tala! 


"$8 
RIN8 INB 
(__}+— 


S 
T CINB | UINB 


FUNCTIONAL DESCRIPTION 


The L9704 circuit monitors the status of the contacts 
connected to battery and through the series exter- 
nal resistors Rin to the contact sense input pins. The 
contacts equivalent circuit is supposed to be as 
shown in fig. 2. 


The L9704 circuit compares the input current with 
the current through the internal reference resistor. 
The device is designed to work with an external input 
series resistor of Rini-8 = 1kQ. With this input resis- 
tor the contact current, when the contact is closed 
and the device activated (EN = LOW) is 

VeaT + AVBaT — 2V 


1KQ (1) 
For this calculation the limit value of the Vin (satura- 


tion voltage of 2V) was considered so that the lo- 
west limit value of lin is calculated in (1). 


The function of the circuit can be demonstrated with 
the transfer characteristics, showing the output 


lin = 


CURRENT 
TIN1 4 COMPARATOR 


IOUT1 
& 


COUT1 
| VOUT 1 ae 


N8SLI9764-83 — 


IIN8 ~, ~ 
COUTS 
PENENERE | voure —L 
O 
GND 


status as a function of the input resistor Ri, shown 
in figure 3. The input resistor is a sum of the Rin and 
the contact resistance Rcon or Reorr, for the closed 
contact : 


Ri = Rin + Roon, (2) 
and for the open contact : 
Ri = Rin + Roorr. (3) 


The output goes HIGH when the input resistance in- 
creases above 6.5kQ (typical value) and goes LOW, 
when the input resistance decreases below 4.8KQ 
(typical value). The limit values of Ri = 1.1KQ for 
LOW and Ri = 29kQ for HIGH implies that a contact 
with Rcoon = 1002 (at lin = 10mA) will be recognized 
as ON = LOW and a contact with Roorr = 28kQ will 
be recognized as OFF = HIGH. These limits are 
valid within the supply voltage range 5V < Vs < 16V, 
the battery voltage potential difference of 
| AVBAT | < 0.1Vpat andthe variation of the reverse 
battery protection diode D1 voltage from 0.5V to 1V. 
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The internal clamping diodes at the contact moni- 
toring inputs, together with the external contact 
series resistors Rin, allows the device to withstand 
transients at the contact connection. The contact 
series resistor Rin limits the input current at the tran- 
sient. 


The dynamic behaviour of the circuit is defined by 
the times tdo and tats. When the contact becomes 


L9704 


open, the input capacitor Cin must be charged 
through the resistor Rin. In this case the total delay 
time may also be influenced by the time constant 
Rin Cin. The delay time tats, when disabling the de- 
vice is defined only by the internal circuitry. In both 
cases, an external output capacitance less than 
50pF is assumed, the internal output capacitances 
of the three-state buffers are less than 5pF. 


Figure 2 : The Contact Sense Input Connection with the Contact Equivalent Circuit. 


NBILS7E4-B4 


Figure 3 : The Output Voltage as a Function of the Input Resistance at the Corresponding Contact Sense 


Input. 


4.8KQ 


MNBILIO?PE4-B5 


ZIOK QO < Ry 


6.5KQ 


5/5 
. Oo See 
A3y Sionaemowcs 


469 


kg, SGS-THOMSON 
4 wicRogLectRomes TEA7203 


AUTOMOTIVE LAMPS AND FUSES MONITOR CIRCUIT 


ADVANCE DATA 


m» FOUR DOUBLE CONTROL CHANNELS 

m SEPARATE FAULT DETECTION FOR LAMP 
AND FUSE 

a» INTERNAL LATCH FOR STOP LAMP FAULT 

a INTERNAL PROGRAMMABLE DELAY TO 
PREVENT FALSE DETECTION 


DESCRIPTION 

The TEA7203 is a device particularly suited to con- 
trol lamps and corresponding fuses in the automo- 
tive environment. 

Furthermore an internal control channel is dedi- 28 LEAD PLASTIC DIP 
cated to the stop lamps and is able to check the 
brake contact status. ORDER CODE : TEA7203 
The internal programmable delay avoids false fault 
alarms due to spurious signals during the transients. 


APPLICATION CIRCUIT 


= 
chk Pe R28 
Le] 


(STOP) 


R1 
LEFT RIGHT 


RISPRiBp) RIBARI7 
62KL62KL| 35k 135k 


TRIG DIM/DIP 
ABSITEAZ2&RI-B4 
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TEA7203 


ABSOLUTE MAXIMUM RATINGS 


Le ee Sd 
Vi3, Via, Vis, | Input Voltages 35 V 
Vie, Viz, 
Vo6, Vag 
Vo, V3, V4, Vs5,} Transient Overvoltages ( = 2ms) — 100 100 V 
Ve, V7, Vs, Vo, ( = 300ms) 80 V 
Vio, Vit, Vie 
V 
V 


Vig, Vo, Transient Overvoltages 
Vo3, Vo4 (through external resistor R = 250Q) ( = 2ms) — 100 100 
( = 300ms) 80 


I19, la1, lea, lea] Input Current p50 Tm 
Junction and Storage Temperature Range — 55 to 150 °C 


PIN OUT 


D1 CHANNEL CONTROL 
CHANNEL FUSE CONTROL D2 CHANNEL REFERENCE 
CHANNEL LAMP CONTROL D2 CHANNEL CONTROL 
CHANNEL LAMP CONTROL DIM/DIP 
CHANNEL REFERENCE OUTPUT 
CHANNEL FUSE CONTROL NC 
CHANNEL LAMP CONTROL OUTPUT 
CHANNEL LAMP CONTROL NC 
CHANNEL REFERENCE OUTPUT 
CHANNEL REFERENCE (STOPS) OUTPUT 
CHANNEL LAMP CONTROL ADDITIONAL TRIGGER 
CHANNEL LAMP CONTROL TRIGGER SIGNAL CONTROL 
CHANNEL FUSE CONTROL GROUND 
CHANNEL REFERENCE OSCILLATOR 


< 
9) 
ro) 


DVONNODWDWWYrYrYr>yY 


INPUT/OUTPUT MATRIX 


af ____________________ yy SGs-THomson 
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FUNCTIONAL DESCRIPTION 
A, B CHANNELS 


LAMPS CONTROL. The lamps supply current flows 
through two shunt resistors. The shunt drop voltage 
value is compared with an internal reference ; if this 
drop is too low a fault indication is sent to a digital 
timer circuit. When the delay time is exceeded, the 
corresponding output is activated. 


FUSES CONTROL. An input similar to the lamp in- 
puts is connected to the high side fuse but, in this 
case, an external diode supplies an additional off- 
set. If the fuse is destroyed, this input becomes ac- 
tive and signals the fault. When the fault condition 
ceases, the alarm is immediately suppressed. The 
faults are not detected only when the A and B chan- 
nels are switched off. 


D1, D2 CHANNELS 


LAMPS CONTROL. Two different resistors are con- 
nected to the inputs ; the input currents cause two 
voltage drops. In this way, the reference voltage is 
given by the voltage drops difference. 

FUSES CONTROL. An external diode connected to 
the fuse, and normally disactivated, is directly 
biased when the fuse destruction occurs, supplying 


A, B CHANNELS 


TEA7203 


the input comparator to signal the fault condition. In 
this circuit configuration the input current can be 
< 100mA. The D1, D2 channel inputs are not inter- 
nally protected against the overvoltages. 


DIM/DIP pin function : it allows to inhibit the alarms 
on D1, D2 channels. 


C1, C2 CHANNELS (STOP) 

.~ Every fault on the C1, C2 channels is latched by 
an internal flip-flop and is signaled at the output 
until the reset signal is generated. 

. Brakes and fuses contact control. Through the 
Trigger pin, at the start, the flip-flop receive a SET 
signal and a fault condition is signaled. To have 
a RESET signal the fuse must be not damaged, 
pin 13 voltage value must be higher than 1.9V 
and the contact must be closed. 

. Lamps contro! : if the lamps current is unsuffi- 
cient, the corresponding flip-flop receives a SET 
signal. SET has priority over RESET. 


FAULT WARNING LED CONTROL 


A Low level at the Trigger input activates the out- 
puts. This activation continues for the STOP lamps 
until the flip-flop circuits are resetted. 


MESTEAZZEAI-BF 
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TEA7203 


C CHANNEL 


MEITEAZZEI-A1 


D CHANNEL 
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TEA7203 


ELECTRICAL CHARACTERISTICS T, =—40 + 85°C Voc = 13.5V 


ee 
vi [orang Sippy Volage 8 te te 


|| Quiescent current 20m 


TIMER CIRCUIT 


Se a 
| ResistorRange tt 
| | Fault Delay Time (with R = 1MQ ; C = 100nF) aa Ee a ee 


TRIGGER 


[“Symbor [SOS arameterSS*C | yp | Ma | Unit 
[vas | aw Tresor Woags ot ete npn) 28 P28 Pv 


| 126 | Low Currentlevel 80 YT 
[vas [rig Tests votage 0s 


i ee. Input Current (high status) V26 = 10.5...16V | | co | 200 | pa 


OUTPUTS 


[symbol [SSS Parameter S~*dSCMn | yp | Max, | Unit 


119, 21 Leakage Output Current (output high) 100 LA 
123, 24 

V19, 21, Output Saturation Voltage 

V23, 24 


[dior 2ma—~—“*‘*=*—*=‘“‘“‘~*S™S™SCSTSC‘*N’NWYUNCNNCNSCN#N#CY 
DIM/DIP DIP Function (low level) 


| Symbol | Parameter | Min. | Typ. | Max. | Unit_| 


[vis [inmbitmestog@ ———SC=“*‘“~*S*‘“‘~*S*é*srC St Pk 
[Tthreshotd input Curent (entemaly ime) ———SC*idSSCSC*iSSSC* sk 
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TEA7203 


ELECTRICAL CHARACTERISTICS (continued) 
CHANNELS A, B 


Symbol | Parameter =| Min. | Typ. | Max. | 
5, 19 200 
I3, 4, 7, 8 Input Current (S.C. lamps) 

2, 6 


V5-V2, 3,4 | Voltage Reference 
V9-V6, 7, 8 

CHANNELS C1, C2 

Fault Flip-flop Truthtable 


Fault Indication 
1 
SET FUNCTION 
1 


win. | Typ. 

via [Fuses input Votage Ss SSCSC=“~*~‘*~—rSCSCdSCCCi 
[so | 100 
70 [150 


1 
| 
1 


Symbol 


CHANNELS D1, D2 


Symbol [———~Parameter—————SSSS«d;SMin. ‘| Typ. | Max. | Unit 
114, 15 Input Currents 52.5 75 105 yA 
116, 17 70 100 140 pA 

V14-V15 Input Comparator Offsets — 4 mV 
V16-V17 (fault for V15 > V14 or V17 > V16) — 
ADDITIONAL TRIGGER INPUT 


Symbol Parameter 


4 
4 4 mV 
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TEA7203 


ADDITIONAL INPUT TRIGGER 


TRIGGER 


MN8GTEAZ2ZE3-85 


c 


pin 26 HIGH LEVEL 
ME9TEAZ203 -86 
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BUZ71 


IST cae i Lp ta BUZ71FI 


« MICROELECTRONICS 


N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTORS 


TYPE | Voss _| Rosier) _| lo" _ 
BUZ71 50 V 0.1.9 
BUZ71FI_| 50 V 0.1.9 

° VERY FAST SWITCHING 


e LOW DRIVE ENERGY FOR EASY DRIVE, 
REDUCED SIZE AND COST 


e HIGH PULSED CURRENT - 56A FOR POWER 
APPLICATIONS 


INDUSTRIAL APPLICATIONS: 
e POWER ACTUATORS 


N - channel enhancement mode POWER MOS field 
effect transistors. Easy drive and very fast switch- 
ing times make these POWER MOS transistors 
ideal for high speed switching circuits in applica- 
tions such as power actuator driving, motor drive 
including brushless motors, robotics, actuators and 
many other uses in automotive control applications. 
They also find use in DC/DC converters and unin- 
terruptible power supplies. 


ABSOLUTE MAXIMUM RATINGS 


ISOWATT 220 


INTERNAL SCHEMATIC 
DIAGRAM 


Vps Drain-source voltage (Ves = 0) 50 V 
Voar Drain-gate voltage (Reg =20 KQ) 50 V 
Ves Gate-source voltage + 20 V 
lom Drain current (pulsed) T, = 25°C 56 A 
BUZ71 BUZ71Fl 
ID” Drain current (continuous) T, =30°C 14 12 A 
Pi Total dissipation at T, <25°C 40 30 W 
T stg Storage temperature —55 to 150 °C 
Tj Max. operating junction temperature 150 °C 
DIN humidity category (DIN 40040) E 
IEC climatic category (DIN IEC 68-1) 55/150/56 


™ See note on ISOWATT 220 in this datasheet 
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BUZ71 - BUZ71Fl 


THERMAL DATA® TO-220 | ISOWATT220 


Rthj - case Fhermal resistance junction-case 


thj- amb | hermal resistance junction-ambient 


ELECTRICAL CHARACTERISTICS (T,;=25°C unless otherwise specified) 
recone [ome [te [oe [a 


OFF 


Var) pss Drain-source Ip= 250 pA Ves= 0 50 V 
breakdown voltage 


lpss Zero gate voltage Vps= Max Rating 250 | pA 
drain current (Vgg=0) | Vps= Max Rating Tj= 125°C 1000] 2A 

lass Gate-body leakage Ves= +20 V +100) nA 
current (Vps = 0) 


Vas (th) Gate threshold 
voltage 


Rps on) Static drain-source 
on resistance 


DYNAMIC 


Criss Input capacitance 
Coss Output capacitance 
rss Reverse transfer 

capacitance 


SWITCHING 


Turn-on time 
Rise time 


Turn-off delay time 
Fall time 


™ See note on ISOWATT 220 in this datasheet 
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BUZ71 - BUZ71FI 


ELECTRICAL CHARACTERISTICS (Continued) 


rane [om a vt 


SOURCE DRAIN DIODE 


Source-drain current 
Source-drain current 
(pulsed) 


Reverse recovery 
time 

Qy Reverse recovered = di/dt = 100A/us 
charge 


Safe operating areas Thermal impedance 


GC-0442/2 


2r-¢ FEES 
(K/W) Feo 


8 -——4 Pr 
Fe SN a 
a b+ HA | - GN 


EEE 
FRSC Steerer eletctattalela 
RSS) ze SFA 
wt |_IARAN UIs } si Py) ESN ima i ee a0 
a i =m eet, i ane see 
SSS ee oC 
: (aa ea oe COTE SS TUL soo eA THIET LUI LTT [PS | | 
«° a SSeS let se TTS MM TT Bale 
———=— ===... bigsss Pin a 
Eo Seetiiiemeretet eae 
ae ae 0 a ee SRB ET ee 
ieee CLIN o- a 
oes mB wo HI TE ne 
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Static drain-source on 
resistance 
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Source-drain diode forward 
characteristics 
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Vestn) 
(norm) 


Maximum drain current 
vs temperature 
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Gate threshold voltage 
vs temperature 
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Gate charge vs gate-source 
voltage 
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Drain-source on resistance 
vs temperature 
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ISOWATT220 PACKAGE 
CHARACTERISTICS AND APPLICATION. 


ISOWATT220 is fully isolated to 2000V dc. Its ther- 
mal impedance, given in the data sheet, is optimi- 
sed to give efficient thermal conduction together 
with excellent electrical isolation. 

The structure of the case ensures optimum distan- 
ces between the pins and heatsink. The 
ISOWATT220 package eliminates the need for ex- 
ternal isolation so reducing fixing hardware. Accu- 
rate moulding techniques used in manufacture 
assure consistent heat spreader-to-heatsink capa- 
citance. 

ISOWATT220 thermal performance is better than 
that of the standard part, mounted with a 0.1mm 
mica washer. The thermally conductive plastic has 
a higher breakdown rating and is less fragile than 
mica or plastic sheets. Power derating for 
ISOWATT220 packages is determined by: 


T, - Te 


Pp = 
Ath 


from this Ipmax for the POWER MOS can be cal- 
culated: 


Pp 


lpmax 


Rpscon) (at 150°C) 


ISOWATT DATA 
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THERMAL IMPEDANCE OF 
ISOWATT220 PACKAGE 


Fig. 1 illustrates the elements contributing to the 
thermal resistance of transistor heatsink assembly, 
using ISOWATT220 package. 

The total thermal resistance Rip oy is the sum of 
each of these elements. 

The transient thermal impedance, Z,, for different 
pulse durations can be estimated as follows: 


1 - for a short duration power pulse less than 1ms; 
Zin< Rinu-c 

2 - for an intermediate power pulse of 5ms to 50ms: 
Zh= Rins-c 


3 - for long power pulses of the order of 500ms or 
greater: 


Zin= Rinsc + Rincus + Rinys-amb 


It is often possibile to discern these areas on tran- 
sient thermal impedance curves. 


Fig. 1 
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'CT1 SGS-THOMSON 
SF iicROELECTRONICS TDA2003 


10W CAR RADIO AUDIO AMPLIFIER 


DESCRIPTION 


The TDA2003 has improved performance with the 
same pin configuration as the TDA 2002. The addi- 
tional features of TDA 2002, very low number of ex- 
ternal components, ease of assembly, space and 
cost saving, are maintained. 


The device provides a high output current capability 


(up to 3.5 A) very low harmonic and cross-over dis- PENTAWATT 
tortion. 

Completely safe operation is guaranteed due to pro- ORDER CODE : TDA2003H 
tection against DC and AC short circuit between all TDA2003V 


pins and ground, thermal over-range,load dump 
voltage surge up to 40 V and fortuitous open ground. 


PIN CONNECTION (top view) 


SUPPLY VOLTAGE 

OUTPUT 

GROUND 

INVERTING INPUT 

yo SONON INVERTING INPUT 


S-1894/1 


tab connected to pin 3 


ABSOLUTE MAXIMUM RATINGS 


Peak Supply Voltage (50ms) 
| lo | Output Peak Current (repetitive) | 8A 
| le | | 


Output Peak Current (non repetitive) 
Power Dissipation at Tcase = 90°C W 
Storage and Junction Temperature — 40 to 150 
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SCHEMATIC DIAGRAM 


TEST CIRCUIT 


Ci 


10 uF | 10A2003 
avg 


THERMAL DATA 


Thermal Resistance Junction-case Max 
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DC TEST CIRCUIT 


AC TEST CIRCUIT 


1 
2 TIBR1 


Rx = 20-R2;Cx= 


ELECTRICAL CHARACTERISTICS (Vs = 14.4 V, Tamb = 25 °C unless otherwise specified) 
DC CHARACTERISTICS (refer to DC test circuit) 


[Symbol] Parameter_——~«|_—Test Conditions | win. | Typ. | Max. | Unit 
0 OT 
Tv. [Quiescent Output Votage na —S=S=~—“—~“—*~*~*~‘idt Pw 
1g [ Quiescent Drain Curent gins) [SSS a | 
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ELECTRICAL CHARACTERISTICS (continued) 
AC CHARACTERISTICS (refer to AC test circuit, Gy = 40 al 


a ae a ee ee 


Output Power d=10% 5.5 W 
= 1 kHz REG = 2 Q 9 i W 
a . 


eA 


Input Sensitivity 


Frequency Response (— 3 dB) o=1Ww 

RL =42 40 to 15,000 
Distortion f=1 kHz 

Po =0.05to45W RR, =4Q 0.15 

Po =0.05to75W R, =22 0.15 


S| input Resistance (pin 1)_}tetwhe __} 7o | 460 |_| ta 


Voltage Gain (open loop) f =1 kHz 80 dB 
f = 10 kHz 60 dB 
Voltage Gain (closed loop) f=1 kHz 
RL =4Q9 


a aa rege a ee 
| IN| Input Noise Current (0) eee 


Efficiency f=1 kHz 
Po =6W 69 % 
Po, =10 W 65 % 


SVR Supply Voltage Rejection = 100 Hz 
Viipple = 0.5 V 
Rg = 10 kQ 


(0) Filter with noise bandwidth . 22 Hz to 22 kHz 


Figure 1 : Quiescent Output Voltage vs. Supply Figure 2 : Quiescent Drain Current vs. Supply 
Voltage. Voltage. 
rT fa COE 
(mar| | [tf 


eS Le 


i 

a 

a 

meee Es 

BE Oa A Oa 

ee loial leet iale ic 

i aa 

a _ 
Ls oe acne eb sae 

i a a 


Lt _| 
ae 


Daas ——_ 
40 ae 


pl Be 
Bees ace aera 
Bes aaa ai 


SE Ree eee eee 
os a 


i) 10 12 14 16 Ve (V) 


ON ea a a ge (7 SGS-THOMSON 
s/f MICROELECTRONICS 


TDA2003 


Figure 3 : Output Power vs. Supply Voltage. Figure 4 : Output Power vs. Load Resistance RL. 
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Figure 9 : Supply Voltage Rejection vs. Voltage Figure 10 : Supply Voltage Rejection vs. 
Gain. Frequency. 
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Figure 12 : Power Dissipation and Efficiency vs. 
Output Power (Ri = 2 Q). 


Figure 11 : Power Dissipation and Efficiency vs. 
Output Power (Ri = 4 Q). 
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Figure 13 : Maximum Power Dissipation vs. 
Supply Voltage (sine wave operation). 


Figure 14 : Maximum Allowable Power 
Dissipation vs. Ambient Temperature. 
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Figure 15 : Typical Values of Capacitor (Cx) for Different Values of Frequency Response (B). 
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APPLICATION INFORMATION 
Figure 16 : Typical Application Circuit. 
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Figure 17 : P.C. Board and Component Layout for the Circuit of Fig. 16 (1 : 1 scale). 
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(*) The values of the capacitors C3 and C4 are different to optimize the SVR (typ. = 40 dB) 
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Figure 19 : P.C. Board and Component Layout for the Circuit of Fig. 18 (1 : 1 scale). 


TDA 2003 


0.1 uF 


1 R, =40 
cam Lis ——7 


4 
TDA 2003 Pad 


3. C5 0.1 C6 
pF 


10 uF 


C4 


(*) In this application the device can support a short circuit between every side of the loudspeaker and ground. 
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Figure 21 : P.C. Board and Component Layout for the Low-cost Bridge Amplifier of Fig. 20, in Stereo 


Version (1 : 1 scale). 
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BUILT-IN PROTECTION SYSTEMS 


LOAD DUMP VOLTAGE SURGE 


The TDA 2003 has a circuit which enables it to with- 
stand a voltage pulse train, on pin 5, of the type 
shown in fig. 23. If the supply voltage peaks to more 
than 40V, then an LC filter must be inserted between 
the supply and pin 5, in order to assure that the pul- 
ses at pin 5 will be held within the limits shown in fig. 
22. . 


A suggested LC network is shown in fig. 23. With 
this network, a train of pulses with amplitude up to 
120 V and width of 2 ms can be applied at point A. 
This type of protection is ON when the supply volt- 
age (pulsed or DC) exceeds 18V. For this reason 
the maximum operating supply voltage is 18V. 


SHORT-CIRCUIT (AC AND DC CONDITIONS) 
The TDA 2003 can withstand a permanent short-cir- 
cuit on the output for a supply voltage up to 16V. 
POLARITY INVERSION 


High current (up to 5A) can be handled by the de- 
vice with no damage for a longer period than the 
blow-out time of a quick 1A fuse (normally con- 
nected in series with the supply). 


This feature is added to avoid destruction if, during 
fitting to the car, a mistake on the connection of the 
supply is made. 


OPEN GROUND 


When the radio is in the ON condition and the 
ground is accidentally opened, a standard audio 
amplifier will be damaged. On the TDA 2003 protec- 
tion diodes are included to avoid any damage. 


INDUCTIVE LOAD 


A protection diode is provided between pin 4 and 5 
(see the internal schematic diagram) to allow use of 
the TDA 2003 with inductive loads.In particular, the 
TDA 2003 can drive a coupling transformer for audio 
modulation. 


DC VOLTAGE 


The maximum operating DC voltage on the TDA 
2003 is 18V. 


However the device can withstand a DC voltage up 
to 28V with no damage. This could occur during 
winter if two batteries were series connected to 
crank the engine. 
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THERMAL SHUT-DOWN 


The presence of a thermal limiting circuit offers the 
following advantages: 


1) an overload on the output (even if itis permanent), 
oran excessive ambient temperature can be eas- 
ily withstood. 


Figure 22. 
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Figure 24 : Output Power and Drain Current vs. 
Case Temperature (Ri = 4 Q). 
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PRACTICAL CONSIDERATION 
PRINTED CIRCUIT BOARD 


The layout shown in fig. 17 is recommended. If dif- 
ferent layouts are used, the ground points of input 
1 and input 2 must be well decoupled from the 
ground of the output through which a rather high cur- 
rent flows. 


ASSEMBLY SUGGESTION 


No electrical insulation is required between the 
package and the heat-sink. Pin length should be as 


TDA2003 


2)the heat-sink can have a smaller factor com- 
paredwith that of a conventional circuit. There is 
no device damage in the case of excessive junc- 
tion temperature: all that happens is that Po (and 
therefore Ptot) and lg are reduced. 


Figure 23. 


t1=50ms 
t2 =1000ms 
rise time >50ns 
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Figure 25 : Output Power and Drain Current vs. 
Case Temperature (Ri = 2 Q). 


Tease (°C) 


short as possible. The soldering temperature must 
not exceed 260 °C for 12 seconds. 


APPLICATION SUGGESTIONS 


The recommended component values are those 
shown in the application circuits of fig.16. Different 
values can be used. The following table is intended 
to aid the car-radio designer. 
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C1 2.2 UF Input DC Noise at Switch-on, 
Decoupling Switch-off 
Ripple Rejection Degradation of SVR 
0.1 pF Supply Bypassing Danger of Oscillation 


C4 1000 uF Output Coupling to Higher Low Frequency 
Load Cutoff 


C5 0.1 pF Frequency Stability Danger of Oscillation at 
High Frequencies with 
Cx . Upper Frequency Lower Bandwidth Larger Bandwidth 
~ OnBRI Cutoff 


Inductive Loads 
| 
(Gv—1)+ R2 | Setting of Gain Pete et Increase of Drain Current 


R2 2.2 Q Setting of Gain and Degradation of SVR 
SVR 
R3 1Q Frequency Stability Danger of Oscillation at 
High Frequencies with 
Inductive Loads 
Rx = 20 R2 Upper Frequency Poor High Frequency Danger of Oscillation 
Cutoff Attenuation 


Purpose Larger Than Smaller Than 
Value P Recommended Value Recommended Value 
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10 + 10W STEREO AMPLIFIER FOR CAR RADIO 


Its main features are : 
Low distortion. 
Low noise. 


High reliability of the chip and of the package with 
additional safety during operation thanks to protec- 
tions against : 

» OUTPUT AC SHORT CIRCUIT TO GROUND 

a VERY INDUCTIVE LOADS 

» OVERRATING CHIP TEMPERATURE 

a LOAD DUMP VOLTAGE SURGE 

» FORTUITOUS OPEN GROUND 


Space and cost saving : very low number of exter- 
nal components, very simple mounting system with 
no electrical isolation between the package and the 
heatsink. 


PIN CONNECTION (top view) 


November 1988 


Multiwatt 11® 


ORDER CODE : TDA2004 


DESCRIPTION 


The TDA2004 is a class B dual audio power ampli- 
fierin MULTIWATT® package specifically designed 
for car radio applications ; stereo amplifiers are eas- 
ily designed using this device that provides a high 
current capability (up to 3.5 A) and that can drive 
very low impedance loads (down to 1.6Q ). 


BOOTSTRAP 1 
OUTPUT 1 
+Vs 

OUTPUT 2 
BOOTSTRAP 2 
GNO 


INPUT+(2) 
INPUT-(2) 
SVRR 

INPUT# (1) 
INPUT-(1) 
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ABSOLUTE MAXIMUM RATINGS 


[Symbol| Parameter, | ale | Unit 
PP 
a a 
Output Peak Current (non repetitive t = 0.1 ms) a | ae oe 
ie) [up Pek Caren Gepetie = TO) 9 
| Pror_| Power Dissipation atTease=60°C | | 


(*) The max. output current is internally limited. 


< 


-le|< 


< 


> 


THERMAL DATA 


Thermal Resistance Junction-case Max 


ELECTRICAL CHARACTERISTICS (refer to the test circuit, Tamp = 25 °C, Gy = 50 dB, 
Rih (heatsink) = 4 °C/W, unless otherwise specified) 


Symbol Test Conditions 


iin. 
a 
a 


Quiescent Output yi =14.4V 6.6 
Voltage V,=13.2 V 6.0 


Total Quiescent Drain Vs, =14.4 V 


Current Vs, =13.2 V 

Stand-by Current Pin 3 Grounded 

Output Power f =1 kHz d=10% 
(each channel) =144V 


f =1 kHz 

V, =14.4V R, =4Q 

P, =50 mW to4 W 

Vs, =14.4V RL =2Q2 

P, = 50 mW to 6 W 

V, =13.2 V R_ =3.2 Q 

P, =50 mW to3 W 

V, =13.2 V Rr =1.60 
= 50 mW to 6 W 


Distortion 
(each channel) 


Cross Talk 


[Input Saturation Voltage] | 800 


Input Resistance (non f =1 kHz 70 200 
inverting input) 
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ELECTRICAL CHARACTERISTICS (continued) 


Low Frequency Roll Off 
(— 3 dB) 


Ae Frequency Roll Off} Ru = 1.6 Q to 4 Q 
— 3 dB) 
Gy nies Gain f = 1 kHz 
(open loop) 
Gy Voltage Gain f =1 kHz 48 51 
(closed loop) 
Closed Loop Gain 
Matching 
Total Input Noise Rg = 10 kQ ( 
Voltage 
Supply Voltage frp =100Hz Rg =10kQ 35 45 
Rejection C3 =10 uF Viipple = 0.5 Vims 


Efficiency 
70 % 
60 % 
: i 


Thermal Shut Down 145 
Junction Temperature 


Notes : 9.3W without Bootstrap 
cy Bandwith Filter : 22Hz to 22KHz. 


Figure 1 : Test and Application Circuit. 
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Figure 2: P.C. Board and Component layout (scale 1 : 1). 
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Figure 3 : Quiescent Output Voltage vs. Figure 4 : Quiescent Drain Current vs. 
Supply Voltage. Supply Voltage. 
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Figure 5 : Distortion vs. Output Power. 
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Figure 7 : Output Power vs. Supply Voltage. 
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Figure 9 : Distortion vs. Frequency. 
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Figure 6 : Output Power vs. Supply Voltage. 
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Figure 8 : Distortion vs. Frequency. 
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Figure 10 : Supply Voltage Rejection vs, Cs. 
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Figure 11 : Supply Voltage Rejection vs. 
Frequency. 


G-4307/1 


vseevll | [TT 
Ri: 00 
| fsesoesll | || 
TH EMI ETT 


eee 
hl 
a SS 
NY (MUN aaa 


10 10? 10° t (Hz) 


Figure 13 : Supply Voltage Rejection vs. 
Values of Capacitors Ce and Cs. 
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Figure 15 : Maximum Allowable Power 


Dissipation vs. Ambient Temperature. 
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Figure 12 : Supply Voltage Rejection vs. 
Values of Capacitors C2 and C3. 
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Figure 14 : Gain vs. Input Sensitivity. 
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Figure 16 : Total Power Dissipation and 
Efficiency vs. Output Power. 
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Figure 17 : Total Power Dissipation and 
Efficiency vs. Output Power . 
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APPLICATION SUGGESTION 


The recommended values of the components are those shown on application circuit of fig.1. Different values 
can be used ; the following table can help the designer. 


| Component ees | Larger Than | | Larger Than | Smaller | Smaller Than 


iatiahias 
Higher Low Frequency 
10 uF Ripple Rejection Increase of SVR Degradation of SVR 
Increase of the 
Switch-on Time 
| Gg and Go | and Cg 0.1 | OtpF Frequency Stability | Frequency Stability | = | Danger of Oscillation 


120 kQ Optimisation of the Smaller Po max fe Penman 
Output Signal 
Simmetry 
Reg and R7 1Q Frequency Stability | Danger of Oscillation at 
High Frequency with 
Inductive Load 
C, and Co 2.2 WF Input DC Decoupling | High Turn-on Delay High Turn-on Pop 
Cutoff. Increase of 
Noise 
eer and Cz. 100 Le | eecceen  Tl Increase of Distortion at 
Low Frequency 
ieee and C7 100 ——o— Feedback faces DC 
Decoupling 
Cio and Ci; | 1000 uF to 2200 uF | Output DC Higher Low-frequency 
Decoupling Cut-off 
*) The closed-loop gain must be higher than 26cB. 
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BUILT-IN PROTECTION SYSTEMS 


LOAD DUMP VOLTAGE SURGE 


The TDA2004 has a circuit which enables it to with- 
stand a voltage pulse train, on pin 9, of the type 
shown in Fig. 19. 


If the supply voltage peaks to more than 40 V, then 
an LC filter must be inserted between the supply and 
pin 9, in order to assure that the pulses at pin 9 will 
be held within the limits shown. 


A suggested LC network is shown in Fig. 18. With 
this network, a train of pulse with amplitude up to 
120 V and with of 2 ms can be applied to point A. 
This type of protection is ON when the supply volt- 
age (pulse or DC) exceeds 18 V. For this reason the 
maximum operating supply voltage is 18 V. 


Figure 18. 


A L<=2mH 


SUPPLY TO PINS 
LINE C 

3000 pF 

16V 


S- 190111 


Figure 19. 


t1=SOms 
t2 =1000ms 


SHORT CIRCUIT (AC conditions) 


The TDA2004 can withstand an accidental short-cir- 
cuit from the output to ground caused by a wrong 
connection during normal working. 


POLARITY INVERSION 


High current (up to 10 A) can be handled by the de- 
vice with no damage for a longer period than the 
blow-out time of a quick 2 A fuse (normally con- 
nected in series with the supply). This feature is 
added to avoid destruction, if during fitting to the car, 
a mistake on the connection of the supply is made. 


OPEN GROUND 


When the ratio is the ON condition and the ground 
is accidentally opened, a standard audio amplifier 
willbe damaged. On the TDA2004 protection diodes 
are included to avoid any damage. 


INDUCTIVE LOAD 


A protection diode is provided to allow use of the 
TDA2004 with inductive loads. 


DC VOLTAGE 


The maximum operating DC voltage on the 
TDA2004 is 18 V. 


However the device can withstand a DC voltage up 
to 28 V with no damage. This could occur during 
winter if two batteries are series connected to crank 
the engine. 


THERMAL SHUT-DOWN 


The presence of a thermal limiting circuit offers the 
following advantages : 


1) an overload on the output (even if it is permanent), 
or an excessive ambient temperature can be easily 
withstood. 


2) the heatsink can have a smaller factor of safety 
compared with that of a conventional circuit. There 
is no device damage in the case of excessive junc- 
tion temperature ; all that happens is the Po (and 
therefore Ptot) and lag are reduced. 


The maximum allowable power dissipation depends 
upon the size of the external heatsink (i.e. its ther- 
mal resistance) ; fig. 20 shown this dissipable power 
as a function of ambient temperature for different 
thermal resistance. 
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20W BRIDGE AMPLIFIER FOR CAR RADIO 


High output power : Po = 10 + 10 W@RL=20,d 

= 10%;Po=20 W@RL = 40 ,d=10 %. 

High reliability of the chip and package with addi- 

tional complete safety during operation thanks to 

protection against : 

» OUTPUT DC AND AC SHORT CIRCUIT TO 
GROUND 

» OVERRATING CHIP TEMPERATURE 

» LOAD DUMP VOLTAGE SURGE 

» FORTUITOUS OPEN GROUND 

a» VERY INDUCTIVE LOADS 


Flexibility in use : bridge or stereo booster ampli- 
fiers with or without boostrap and with programm- 
able gain and bandwidth. 


Space and cost saving : very low number of exter- 
nal components, very simple mounting system with 
no electrical isolation between the package and the 
heatsink (one screw only). 


In addition, the circuit offers loudspeaker protec- 
tion during short circuit for one wire to ground. 


PIN CONNECTION (top view) 


Tab connected to pin6& 


November 1988 


Multiwatt 11@ 


ORDER CODES : TDA2005M - Bridge Application 
TDA2005S — Stereo Application 


DESCRIPTION 


The TDA2005 is class B dual audio power amplifier 
in MULTIWATT® package specifically designed for 
car radio application : power booster amplifiers 
are easily designed using this device that provides 
a high current capability (up to 3.5 A) and that can 
drive very low impedance loads (down to 1.6Q in 
stereo applications) obtaining an output power of 
more than 20 W (bridge configuration). 


BOOTSTRAP 1 
OUTPUT 1 
*Vs 

OUTPUT 2 
BOOTSTRAP 2 
GNO 
INPUT+(2) 
INPUT-(2) 
SVRR 


INPUT-(1) 
INPUT4(1) 


$-342015 
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SCHEMATIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


fae 
— a 

W 
Pa 


Output Peak Current (repetitive f = 10 Hz) 
Power Dissipation at Tcase = 60 °C 
Storage and Junction Temperature — 40 to 150 °C 


THERMAL DATA 
Thermal Resistance Junction-case Max 


BRIDGE AMPLIFIER APPLICATION (TDA2005M) 
Figure 1: Test and Application Circuit (bridge amplifier). 


TDA2005M 


+ 1/2 
TDA2005M 
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ELECTRICAL CHARACTERISTICS (refer to the bridge application circuit, Tamp = 25 °C, 
G, = 50 dB, Rih (heatsink) = 4 °C/W, unless otherwise specified) 


ve _| Supply Votage ee 


Vs 
Vos Output Offset Voltage (°) Vs =14.4V 
(between pin 8 and pin 10) 5 = 13.2 V 
Total Quiescent Drain V, =14.4V Ri =4Q2 
Current V.=13.2V Ri. =3.29 


Distortion 
; RL =4Q2 
P, = 50 mW to 15 W 
Vs =13.2 V Rp =3.2Q 
o = 50 mW to 13 W 


Input Sensitivity 


— 
© 


—t no — 
N Ooo 


x 
ale 
N 


Low Frequency Roll Off Rt =3.2Q 

(— 3 dB) 

High Frequency Roll Off Rt =3.20 20 
(— 3 dB) 


Closed Loop Voltage Gain f = 1 kHz 
| en | Total Input Noise Voltage Rg =10 kQ (°°) 


al re “_ 
Efficiency 
J 


T Thermal Shut-down Junction] V, = 14.4 V Ri =4Q 
Temperature f=1 kHz Prop = 13 W 


I = ee I Input Resistance f =1 kHz 70 


gl 
Oo 


a > 
© 


o>) 
x 
FE 


Viipple = 0.5 V 


60 % 
60 % 
58 % 


5 


on 


—_ 
Ba 

Oo 
©) 


Note :(°) For TDA2005M only 
(°) Bandwith Filter : 22Hz to 22KHz 
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BRIDGE AMPLIFIER APPLICATION (continued) 
Figure 2 : P.C. Board and Component layout (scale 1 : 1). 
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Figure 3 : Output Offset Voltage vs. Figure 4 : Distortion vs. Output Power 
Supply Voltage. (bridge amplifier). 
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Figure 5 : Distortion vs. Output Power 
(bridge amplifier). 
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BRIDGE AMPLIFIER DESIGN 


The following consideraions can be useful when designing a bridge amplifier. 


Po max rms Output Power 
(before clipping) 


Where: Vce sat = output transistors saturation voltage 

Vs = allowable supply voltage 

Ri = load impedance 
Voltage and current swings are twice for a bridge 
amplifier in comparison with single ended amplifier. 
In order words, with the same RL the bridge configu- 
ration can deliver an output power that is four times 
the output power of a single ended amplifier, while, 
with the same max output current the bridge con- 
figuration can deliver an output power that is twice 
the output power of a single ended amplifier. Core 
must be taken when selecting Vs and RL in order to 


Figure 6 : Bridge Configuration. 


V Sas Peak Output Voltage 1 V PLY, 
(before clipping) > (Vs — 2 Vee sat) s— 2 VCE sat 
lo max Peak Output Current qe (Vo ON Gees) V OV oe ok 
(before clippling) 2 ant - aa Dan. an 
oie (Vs — 2 Voce sat)* (Vs — 2 VceE sat)* 
4 2 Ret 2 Rt 


avoid an output peak current above the absolute 
maximum rating. 


From the expression for lo max, assuming Vs = 14.4 
V and VcE sat = 2 V, the minimum load that can be 
driven by TDA2005 in bridge configuration is : 


Vs - 2 VcEsat 
Remin = tS SS ee 
lo max 3.5 


14.4-4 
—— =2.97Q 


The voltage gain of the bridge configuration is given 
by (see fig. 6) : 
Vo Ry R3 
Gv = Vi = I. p07 hae = Re 
(Ro + R4 


For sufficiently high gains (40 to 50 dB) itis possible 
to put Re = R4 and R3 = 2 Ri, simplifing the formu- 
lain: 


40 1000 39 2000 
50 1000 12 2000 


Gye & Ri 
Re 
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STEREO AMPLIFIER APPLICATION (TDA2005S) 
Figure 7 : Typical Application Circuit. 
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ELECTRICAL CHARACTERISTICS (refer to the stereo application circuit, Tan, = 25 °C, 
Gy = 50 GB, Rin (heatsink) = 4 °C/W, unless otherwwise specified) 


Suppy votage | 


Quiescent Output V5 =14.4V 
Voltage V5 =13.2 V 
Total Quiescent Drain V,=14.4 V 
Current Vs =13.2 V 
Output Power f= 1 kHz 

(each channel) V5=14.4V 


Vs = 13.2 V 


V,; =16V 


Distortion f =1 kHz 
(each channel) V, =14.4 V 
o = 50 mW to4W 
5 =14.4V 
P, =50 mW to 6 W 
V, =13.2 V 
P, =50 mW to 3 W 
V5 =13.2 V 
P, = 40 mW to 6 W 


(*) For TDA2005S only. 
(°) Bandwidth Filter : 22Hz to 22KHz 
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ELECTRICAL CHARACTERISTICS (continued) 


| Symbol | Parameter | __— Test Conditions | Min. | Typ. | Max. | Unit_| 


CT Cross Talk (°) V5=14.4V f = 1 kHz 
Ri =4Q 
Vo=4V 


Input Saturation Voltage} | 00 | 
V 


Input Sensitivity 


input Resistance | t= 1 Kt 70 [200 | | Ko 
Low Frequency Roll Off | Ru =2 Q 
(— 3 dB) 
High Frequency Roll Off} Ru =2Q 15 kHz 
(— 3 GB) 


— 


Total Input Noise Rg = 10 kQ (°°) : 
Voltage 
Supply Voltage Rg = 10 kQ fripple = 100 Hz 35 45 
Rejection C3 =10 uF Viipple =0.5V 


nN Efficiency f =1 kHz 

9 = 6.5 W 70 % 
o=10W 60 % 
f=1 kHz 

Pp =6.5W 70 % 
Po = 100 W 60 % 
Thermal Shut-down 

Junction Temperature 


(° For TDA2005S only 
(°) | Bandwidth Filter : 22Hz to 22KHz 
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Figure 8 : Quiescent Output Voltage vs. Figure 9 : Quiescent Drain Current vs. 
Supply Voltage. Supply Voltage. 
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Figure 10 : Distortion vs. Output Power. 
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Figure 12 : Output Power vs. Supply Voltage. Figure 13 : Distortion vs. Frequency. 
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Figure 14 : Distortion vs. Frequency. 
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Figure 16 : Supply Voltage Rejection vs. 
Frequency. 
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Figure 18 : Supply Voltage Rejection vs. 
Values of Capacitors C2-and C3. 
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Figure 15 : Supply Voltage Rejection vs. C3. 
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Figure 17 : Supply Voltage Rejection vs. 
Values of Capacitors C2 and C3. 
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Figure 19 : Gain vs. Input Sensitivity. 
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Figure 22 : Total Power Dissipation and 
Efficiency vs. Output Power . 


Prot 
(W) 


G-43n/1 


aL 7 


(%,) 


Hs PRE 
Ne 


KR 
nN 
oO 


kyy 


TDA2005 


Figure 21 : Total Power Dissipation and 
Efficiency vs. Output Power (bridge). 
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APPLICATION SUGGESTION 
The recommended values of the components are those shown on Bridge applicatiion circuit of fig.1. Differ- 


ent values can be used ; the following table can help the designer. 
| Re | tk | Closed Loop Gain, | 
pesi@ny (*) | 
Re and R7 1Q 
Inductive Loads 


Component | Recommanded Larger Than Smaller Than 
Value 
2 kO Setting (see BRIDGE 
Frequency Stability | Danger of Oscillation at 
2.2 UF 


Purpose 


120 kQ Optimization of the | Smaller Po max Smaller Po max 
Output Symmetry 
AMPLIFIER 
12.0 
High Frequency with 


Input DC Decoupling Higher Turn on Pop 
Higher Low Frequency 
Cutoff 


increase of Noise 


High Turn on Delay 


2.2 nF Optimization of Turn 
on Pop and Turn on 
Delay 


a: ee 0.1 WF Supply by Pass ree oe Danger of Oscillation 
10 uF Ripple Rejection Increase of SVR Degradation of SVR. 
Increase of the 
Switch-on Time 
Cs and C7 100 nF Bootstrapping Increase of Distortion at 
low Frequency 
C.s and Cg 220 uF Feedback Input DC Higher Low Frequency 
Decoupling, Low Cutoff 
Frequency Cutoff 


Cg and Cio 0.1 uF Frequency Stability Danger of Oscillation 


(*) The closed loop gain must be higher than 32 dB. 


R; 
Ro 
C; 
Co 
Cz 
C4 
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APPLICATION INFORMATION 
Figure 23 : Bridge Amplifier without Boostrap. 
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Figure 25 : Dual — Bridge Amplifier. 
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Figure 26 : P.C. Board and Components layout of the Circuit of Fig.25 (1 : 1 scale). 
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Figure 28 : P.C. Board and Components layout of the Circuit of Fig.27 (1 : 1 scale). 
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Figure 29 : 10 + 10W Stereo Amplifier with Tone Balance and Loudness Control. 
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Figure 30 : Tone Control Response (circuit of Fig. 29). 
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Figure 31 : 20W Bus Amplifier. 
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Figure 33 : Bridge Amplifier Circuit suited for Low—gain Applications (Gv = 34dB). 
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Figure 34 : Example of Muting Circuit. 
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BUILT-IN PROTECTION SYSTEMS 


LOAD DUMP VOLTAGE SURGE 


The TDA2005 has a circuit which enables it to with- 
stand a voltage pulse train, on pin 9, of the type 
shown in Fig. 36. 


If the supply voltage peaks to more than 40 V, then 
an LC filter must be inserted between the supply and 
pin 9, in order to assure that the pulses at pin 9 will 
be held withing the limits shown. 


A suggested LC network is shown in Fig. 35. With 
this network, a train of pulses with amplitude up to 
120 V and width of 2 ms can be applied at point A. 
This type of protection is ON when the supply volt- 
age (pulse or DC) exceeds 18 V. For this reason the 
maximum operating supply voltage is 18 V. 


Figure 35. 


FROM A L=2mH 


SUPPLY TO PINS 
LINE C 
3000 pF 


16Vv 
s-19011 


Figure 36. 


t1-+50ms 
{2 «1000ms 


SHORT CIRCUIT (AC and DC conditions) 


The TDA2005 can withstand a permanent short-cir- 
cuit on the output for a supply voltage up to 16 V. 


POLARITY INVERSION 


High current (up to 10 A) can be handled by the de- 
vice with no damage for a longer period than the 


TDA2005 


blow-out time of a quick 2 A fuse (normally con- 
nected in series with the supply). This feature is 
added to avoid destruction, if during fitting to the car, 
a mistake on the connection of the supply is made. 


OPEN GROUND 


When the ratio is in the ON condition and the ground 
is accidentally opened, a standard audio amplifier 
will be damaged. On the TDA2005 protection diodes 
are included to avoid any damage. 


INDUCTIVE LOAD 


A protection diode is provided to allow use of the 
TDA2005 with inductive loads. 


DC VOLTAGE 


The maximum operating DC voltage for the 
TDA2005 is 18 V. 


However the device can withstand a DC voltage up 
to 28 V with no damage. This could occur during 
winter if two batteries are series connected to crank 
the engine. 


THERMAL SHUT-DOWN 


The presence of a thermal limiting circuit offers the 
following advantages : 


1) an overload on the output (even if it is permanent), 
or an excessive ambient temperature can be easily 
withstood. 


2) the heatsink can have a smaller factor of safety 
compared with that of a conventional circuit. There 
is no device damage in the case of excessive junc- 
tion temperature : all that happens is that Po (and 
therefore Ptot) and lg are reduced. 


The maximum allowable power dissipation depends 
upon the size of the external heatsink (i.e. its ther- 
mal resistance) ; fig. 37 shows the dissipable power 
as a function of ambient temperature for different 
thermal resistance. 


LOUDSPEAKER PROTECTION 


The circuit offers loudspeaker protection during 
short circuit for one wire to ground. 
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Figure 37 : Maximum allowable Power Dissipation Figure 38 : Output Power and Drain Current vs. 
vs. Ambient Temperature. Case Temperature. 
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Case Temperature. 


12 


09 


G-4315/1 


esas 


20/20 
keyg SGS-THOMSO 
S| | bel ase 


524 


ky 


SGS-THOMSON 
NilICROELECTROMICS 


TDA7240A 


20W BRIDGE AMPLIFIER FOR CAR RADIO 


a COMPACT HEPTAWATT PACKAGE 

a FEW EXTERNAL COMPONENTS 

a OUTPUT PROTECTED AGAINST SHORT 
CIRCUITS TO GROUND AND ACROSS LOAD 

=» DUMP TRANSIENT 

a THERMAL SHUTDOWN 

a» LOUDSPEAKER PROTECTION 

a HIGH CURRENT CAPABILITY 

a LOW DISTORTION/LOW NOISE 


DESCRIPTION 


The TDA7240A is a 20W bridge audio amplifier IC 
designed specially for car radio applications. 
Thanks to the low external part count and compact 
Heptawatt 7-pin power package the TDA7240A 
occupies little space on the printed circuit board. 


PIN CONNECTION (top view) 


ww, 


tab connected to pin& 


{ 
L 


January 1989 


PRELIMINARY DATA 


Heptawatt 


ORDER CODES : TDA7240AH 
TDA7240AV 


Reliable operation is guaranteed by a comprehens- 
ive array of on-chip protection features. These in- 
clude protection against AC and DC output short 
circuits (to ground and across the load), load dump 
transients, and junction overtemperature. Addition- 
ally, the TDA7240A protects the loudspeaker when 
one output is short-circuited to ground. 


CCC —CQST PUT 
SUPPLY VOLIAGE 
OUTPUT 
fr Ct—“*;‘“CS*SCSCSCSCS GNC 
rT C—C—CSCCCCSCiéiéiNNPUT 
SVR AND SIAND-BY 
PCO FEEOBACK 
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TYPICAL APPLICATION CIRCUIT 


C4 =) z co 
226uUF T ae @.1uUF 
Ci 
INPUT 
of] : 
1u 


TOAZ24GA 


STANOBY 


mmm 8OTOA/Z4GR-S1 


ABSOLUTE MAXIMUM RATINGS 


DC Supply Voltage 


Symbol | 
Operating Supply Voltage 
| Vs | 
Vs 


Vs Peak Supply Voltage (for 50ms) 


lo (*) | Peak Output Current (non repetitive t = 0.1ms) PAB 


lo (*) | Peak Output Current (repetitive f => 10Hz) 
Power Dissipation at Tcase = 70°C 


Storage and Junction Temperature — 40 to 150 


(*) Internally limited 


Parameter 
18 
28 
40 
4.5 
3.5 
20 


THERMAL DATA 


Thermal Resistance Junction-case Max 
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ELECTRICAL CHARACTERISTICS (refer to the circuit of fig. 1, Tamp = 25 °C, 
Rin (heatsink) = 4 °C/W,V, = 14.4 V) 


1p 
Pa ee 
[Vee | Output ofiset Votage | SSS 
eS a a 


d= 

Distortion R_ =4Q a = 1KHz a 1 
P, = 50mW to 12W 
R_ =8Q f = 1KHz 
ee es = 50 mW to 6W 

SVR Supply Voltage f = 100Hz faite = 10KQ 35 

Rejection 

kk =F Hl 
: (eae le 
n Efficiency R_ =4Q f = 1KHz 65 % 

Po = 20W 


| tsp | Stand-by Current, | 200 | 
| Ri _| input Resistance | f=tKHe || K 


V, Input Sensitivity f = 1KHz 
o = aw R_ =4Q 28 mV 
oS Frequency Roll Off |} P,. = 15W R_ =4Q 30 Hz 
— 3dB) 
el a Frequency Roll Off| P, = 15W Ri = 42 La ae KHz 
— 3dB) 


| Stand-by Attenuation | Vo=2Vins | 70 | 90 || 
ae 


Stand-by Threshold 


Bandwidth (") B= Curve A (**) B = 22Hz to 22 KHz 
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Figure 1 : Test and Application Circuit. 
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APPLICATION SUGGESTION 


The recommended values of the components are those shown on application circuit of Fig. 1. Different values 
can be used, the following table can help the designer. 


R1, R2 2.20 Frequency Stability | Danger of High 
Frequency Oscillation 
C1 TUF Input DC Decoupling | Higher Turn 'ON' and Higher Turn 'ON' Pop. 
Stand-by Delay Higher Low Frequency 
Cutoff 
C2 22uF Ripple Rejection Increase of SVR Degradation of SVR 
Increase of the Turn 
‘ON' Delay 
C3 22uF Feedback Low Higher Low ee 
Frequency Cutoff ee 
C6, C7 0.22uF Frequency Stability oe Danger of Oscillation 


220uF Supply Filter oe ee all Danger of Oscillation 
0.1uF Supply by Pass Po Danger of Oscillation 


Figure 3 : Output Power vs. Supply Voltage. Figure 4 : Distortion vs. Output Power. 
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Figure 5 : Output Power vs. Supply voltage. 
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Figure 6 : Distortion vs. Output Power. 
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Figure 8 : Supply Voltage Rejection 
vs. Frequency. 
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Figure 9 : Output Offset Voltage vs. Figure 10 : Power Dissipation and Efficiency vs. 
Supply voltage. Output Power. 
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Figure 11 : Power Dissipation and Efficiency vs. 
Output Power. 
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20W BRIDGE AMPLIFIER FOR CAR RADIO 


ADVANCE DATA 


a» VERY LOW STAND-BY CURRENT 

a GAIN = 26 dB 

a OUTPUT PROTECTED AGAINST SHORT CIR- 
CUITS TO GROUND AND ACROSS LOAD 

a COMPACT HEPTAWATT PACKAGE 

a DUMP TRANSIENT 

a THERMAL SHUTDOWN 

ms LOUDSPEAKER PROTECTION 

a HIGH CURRENT CAPABILITY 

a LOW DISTORTION/LOW NOISE 


DESCRIPTION 


The TDA7241 is a 20W bridge audio amplifier IC de- 
signed specially for car radio applications. Thanks 
to the low external part count and compact Hepta- 


PIN CONNECTIONS (top view) 


4 
Gee tab connected to pin& 


November 1988 


Heptawatt 


ORDER CODE : TDA7241V 
TDA7241H 


watt 7-pin power package the TDA7241 occupies 
little space on the printed circuit board. 


Reliable operation is guaranteed by a comprehens- 
ive array of on-chip protection features. 


These include protection against AC and DC output 
short circuits (to ground and across the load), load 
dump transients, and junction overtemperature. Ad- 
ditionally, the TDA7241 protects the loudspeaker 
when one output is short-circuited to ground. 


SVR AND STANO-BY 
rT _»> FEEDBACK 
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TEST CIRCUIT 


STANDBY 


ABSOLUTE MAXIMUM RATINGS 


Operating Supply Voltage 
—_ DC Supply Voltage p_# | v_ 


Peak Output ane (non are t = 0.1 ms) aa ceca al 


Peak Output Current (repetitive f = 10 Hz) 
ae Power Dissipation at Tease = 70 °C ae en 
Storage and Junction Temperature — 40 to 150 eee 


*) Internally limited 


THERMAL DATA 


Thermal Resistance Junction-case Max 
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ELECTRICAL CHARACTERISTICS (refer to the circuit of fig. 1, Tamp = 25 °C, 
Rin(heatsink) = 4 °C/W, V, = 14.4 V) 


| Symbol | __Parameter___—|_Test Conditions |_Min. | Typ. | Max. | Unit 
| Vs | SupplyVotage | tt 
[Vor] Output Onset Votage | SSCSC~S—~“—SsS~sSC“‘*‘irtSC(C*‘“‘“*rSCSm 
eee oe ee ee 

Output Power f =1 KHz Rt =4Q | 18 | 20 | | 


Distortion Rt =4Q f =1 KHz 0.1 
P, =50 mW to 12 W 
R. =8Q f=1 KHz 
P, = 50 mW to 6 W 


| Gy | VoltageGain | fe t KHz 
a 


en ont fT 
(*) ea : 
Po = 20 W 


a teeew me —[ 
—fi-_[ tnput esstanoe _{ inte fo ff ka 


Input Sensitivity = 1 kHz 
Po =2W Rp =4Q 140 mV 
fi ae Frequency Roll Off |P,. =15W Ri =4Q 30 Hz 
— 3 dB) 
— 3 dB) 
| Stand-by Attenuation |Vo=2Vms | 70 | 80 || 


a -by Attenuation Vo =2 Vims 


Bandwidth (*)}B=CurveA (**) B = 22 Hz to 22 KHz 
G7, SGS-THOMSON = 
s pa ee 
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22W BRIDGE FULLY PROTECTED CAR RADIO AMPLIFIER 


ADVANCE DATA 


» NO AUDIBLE POP DURING MUTE AND 
STANDBY OPERATIONS 
a» MUTING TTL COMPATIBLE 
» VERY LOW CONSUMPTION STANDBY 
» PROGRAMMABLE TURN ON DELAY 
a DIFFERENTIAL INPUT 
a SHORT CIRCUIT PROTECTIONS : 
RL SHORT —- OUT TO GROUND — OUT TO VS 
» OTHER PROTECTIONS : 
. Load Dump Voltage Surge 
. Loudspeaker DC Current 
. Very Inductive Load 
- Overrating Temperature 
. Open Ground 


Multiwatt—11 


DESCRIPTION 


The TDA7256 is a class B dual fully protected bridge ORDER CODE : TDA7256 
power amplifier, designed for car radio applications. 
A high current capability allows to drive low imped- 
ance loads (up to 2) 


PIN CONNECTION (top view) 


OUT( +) 
STAND-BY 
SVR 

GND 
FEEDBACK 
FEEDBACK 
IN(-) 

IN(+) 


Tab connected to pin6 


November 1988 1/5 
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BLOCK DIAGRAM 


88TDAZ7256-81 


ABSOLUTE MAXIMUM RATINGS 


Vs v 
Vs | DC Supply Voltage V 
Vs 


PVs | ae 
Le Lae 
| vs | Peak Supply Voltage (for 50 ms) 
[lo | Output Peak Current (no repetitivet=0.1ms) ——|__—iintermally Limited | 
| to 
dea 

Em 


( itive t = 

Output Peak Current Repetitive f > 10 Hz 

Prot | Power Dissipation at Tcase = 70 °C 
Storage and Junction Temperature — 40 to 150 °C 


THERMAL DATA 


Thermal Resistance Junction-case Max 


re {a7 SGS-THOMSON 
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ELECTRICAL CHARACTERISTICS (V, = 14.4 V, Rp = 4Q, f= 1 kHz, Tamp = 25 °C) (unless 
otherwise specified) 


[Symbol] _Parameter____| Test Conditions| Min. | typ. | Max. | Unit 
Tv, | Suppyvotage SP SC~—<“—~*S*~*ésS CPt 
Tle | Total Guiescent Drain Curent | —~S=~=~“~*~—~‘~*~éiSCS*dSC tml 
TR [input Resistence |S 


MUTING FUNCTION 


Symbol| Parameter |__—Test Conditions | Min. | Typ. | Max. | Unit _| 


Muting Attenuation Viet = 1 Vrms 
f = 100 Hz to 10 kHz 
V 
V 


|__| Muting-on Threshold Voltage | Pint | oe | 
| | Muting-off Threshold Voltage | Pint | | | | 


Stand-by Attenuation Vref = 1 Vims 
f = 100 Hz to 10 kHz 
Stand-by Quiescent Drain 
cena 


| Vos_| Output Offset Voltage SS 


= V— te 


Fs fs {Past 
| Gy | Voltage Gain (CL) se HH 


Total Input ce a: Rg = 10 kQ 
B = 22 Hz to 22 kHz 
SVR_ | Supply Voltage Rejection Rg = 10 kQ V,=1 Vims 45 
(closed loop) f = 300 Hz 
Tsp Thermal Shut Down Junction 145 °C 
Temperature 


Figure 1: Test and Application Circuit. 
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Figure 2 : Output Power vs. Supply voltage. Figure 3 : Distortion vs. Output Power. 


88TDAZ256 -D2 


88TDA7256-D01 


6 8 18 12 14 16 1B Us (VU) 


Figure 4 : Distortion vs. Frequency. Figure 5 : Supply Voltage Rejection vs. 
Frequency. 


88BTDAZ256& -DS 88BTDAZ256-D6 


16 168 1K 160K fF (Hz) 18 1686 1K 18K fF (H2) 
Figure 6 : Common Mode Rejection vs. Figure 7 : Quiescent Current vs. 
Frequency. Supply voltage. 
88TDAZ7256 -D3 Id 88TDAZ7256-D4 
(mA ) 
108 
9B 
88 
76 
bb 
58 
18 168 1K 10K f (Hz) 8 16 12 14 16 18 Us(U) 
git (7 SGS-THOMSON 
‘T7 wcRosecrrouses 
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Figure 8: P.C. and layout of the Fig.1 (1 
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HIGH EFFICIENCY AUDIO PWM DRIVER 


a HIGH EFFICIENCY 

» Po =30 W WITH POWER MOS BRIDGE 

a LOW DISTORTION 

a SINGLE SUPPLY OPERATION 

a MUTING FACILITY 

a» THERMAL AND SHORT-CIRCUIT PROTEC- 
TION 

a DUMP PROTECTION 


DESCRIPTION 


The TDA7260 is a new type of audio driver mainly 
intended for use in car radio applications. In con- 
junction with four POWER MOS in bridge configu- 
ration it can deliver 30W (d 3% Ri = 2 Q). The 
device acts in "class D" as a pulse width modulation 
circuit. That permits a very high efficiency (> 80% at 
rated output power) so no heatsinks are needed. 
Moreover, a built-in limiter reduces the clipping ef- 
fects. The TDA7260 is a monolithic integrated cir- 
cuit in a 20 lead dual in line plastic package. 


( Plastic 0.4 ) 


ORDER CODE : TDA7260 


CONNECTION DIAGRAM (top view) 


INTEGRATOR 


SHORT 
CIRCUIT SENSE 


POWER 
MOS DRIVE(+ ) 


OVERLOAD 
CURR. 


AC GND(V;) POWER 
MOS DRIVE(-) 


5-9642/1 
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BLOCK DIAGRAM 


VOLTAGE 
REGULATORS 


ABSOLUTE MAXIMUM RATINGS 


Vs 
Vs 
VIN 
Vb 


unit 
Wed 


Differential Input Voltage 

Peak Output Current 
Total Power Dissipation at Tamp = 70 °C 
C 


THERMAL DATA 


Thermal Resistance Junction-ambient Max. a eee 


bls 
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TEST CIRCUITS 
Figure 1. Figure 2. 


Figure 3. Figure 4. 


Figure 5. Figure 6. 
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ELECTRICAL CHARACTERISTICS (Tamp = 25 °C, V, = 14.4 V unless otherwise specified, 
refer to test circuit) 


Symbol] Parameter | Test Conaitions | win. | Typ. | Max. | unit [Fig. 


OP AMP 


[Vex | taput Ofeet vonage ———SCidSSCS~—~—SC—SsSsSSCdC Cid 
Tip [input Bias Curent =P SSCS~SCSS*d te a0 mw 
tor [Input Ofset Current «| SSCS~SYSid iso mm 
cml ere eaeess 
il 


30 | 

[Total Harmonic Distorion _[f-ike _A-1 |_| 

Taw [uniy Gain Banwin «| SSSCS~idC 

ewan | Common Mode Rejecion | VwatV f~1Wi | 70 | 20 
=ikiz | 80 | 

TE, [input Noise Votes «di B20 Cd 

Tin [Input Noise Curent | Ba20KHz —SSSC*dYC 

OS 

Sail el 

: 4 

i 

aa 

a 


Fa | Overload Indicator Current 


Input Bias Current 
Input Offset Current 


Output Current Swing 
Sink 


Vo Output Voltage Swing +3 ie eee 


Vin =1V feikHz | 70 | 90 | | oB | 3 | 
| SVR_| Supply Voltage Rejection | Vi=iV  t=tkHz | 80 _| too | | oB | 3 
ON ee ee ee 


Input Offset Voltage Ee es 


REGULATORS 


Output Stabilized Voltage | 
Supply Voltage Rejection 
Vi 


Pee ul Ground Voltage 
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ELECTRICAL CHARACTERISTICS (continued) 


Symbol Parameter | Test Conaitions | win. | Typ. | Max. | Unit [Fig. 


SYSTEM SPECIFICATION 


Vou | Output Swing |=70 mA 
(QH, QH), 
VoH Output Swing 1!=70 mA 10.8 V 
(QL, QL) 
Vot | Output Swing !=70 mA 
(QH, QH) 
VoL Output Swing 1=70mA 2.8 V 
(QL, QL) 
Overload Sense Threshold | 


po2 {| | o. 
Vom Muted Outputs | = 70 mA Mute or Overload 2.8 V 
Condition 


Gate Crossover Voltage f= 1 kHz 


COMPLETE SYSTEM 


Pod 
| lo | Supply Curent | Vw=0 =m || 80 | 
| Vor_| Output Offset Voltage | Vn=0 | 


CMRR | Common Mode Ripple Rejection] Vin =0.5 V 
f = 100 Hz 

SVR_ | Supply Voltage Ripple Rejection] AV, =0.5 V 
f = 100 Hz 


[Pe | Output Power ——SSSCid wee | we Pw 


Dither Frequency eee 
Po = 32 W 


(*) Device on for Vpin 20 higher than Vim. 
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BALANCED _R CIRCUIT 


INPUT PR T. 
IN (+: = OTEC 


THERMAL POWER 
PROTECTION MOS 
DRIVER 


“10V 


©) 
739 Yio 


ola ai ve cr 1 uF 


VOLTAGE 
REGULATORS ; 
OC 
8 


GND 


i. GND 


LL vi2=AC GROUND 
Q1 to Q4=SGSP 321 
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‘WNDID uoyeojddy : 2 aanbi4 
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TDA7260 


P.C. Board and Components Layout of the Circuits of Fig. 7 (1 : 1 scale). 


Figure 7a 
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Figure 8 : Quiescient Current vs. Supply Voltage. 
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Figure 12 : Dither Frequency Versus C:pin 10). 
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Figure 9 : Distortion vs. Output Power. 
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Figure 11 : Frequency Response. 


O11 i 
HEE EHTS 
tT PTT TUT SUT 
ETAT TT LI NIIH| 


(By | 


10 10 10 10° —- ¢(Hz) 


G- 6284 


es 
» COLL ee Tr 
i 
 hivn? 6 SR eeaeee 
a Al 0 
PP 4, 
Eee Sigil 
a ciel ees 
7 OSS S eRe e eee 
ar are al 
A GG a a 
st eo 
it lab ok 
Gi Sa SGP A 8 a 
Eo eae esd 


SGS-THOMSON 
MICROELECTROMICS 


TDA7260 


Figure 14 : Power Dissipation vs. Output Power. 
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TDA 7260 45 


els = OC GROUND 


¥ V/2 = AC GROUND 


COMPONENT LIST WITH NO EQUALIZATION 
FLAT RESPONSE, 
390pF C17 = 4.7pF - 16V 150uH Gy tr = 420B 
390pF C18 = 100nF 15uH (A) OPEN 
150pF Ci9= 10uF - 16V 15uH (B) OPEN 
2 2uF - 16V C20= 10uF - 16V (C) = OPEN 
47F -16V C21= 100nF R=22KQ 
100nF pol C22= 1pF- 16V 33turns R= 2 2KQ2 
470uF -25V C23 = 100nF @06mm OPEN 
R24= 10KQ 470uF - 25V C24= 10pF - 25V _L3 = 14turns JUMPER 
R25= 39K 390pF C25 = 330pF OPEN 
R26= 75K 470nF C26= 220nF OPEN 
R27 = 3 9KS2 390pF C275 10puF - 25V OPEN 
R28 = t.b.d. 100nF C28 = 100nF JUMPER 
390pF C295 4.7pF - 16V OPEN 
100nF C30= 100nF OPEN 
100nF C31 = 100nF R=2 2KQ2 
(Jumper! 390pF R=22KQ 
OPEN 


R1 
R2 


Ri7= (Jumper) 
Ri8= (Jumper) 
R19= 10KQ 
R202 10KQ 
R218 10KQ 
R22 47KQ 
R23= 10KQ 
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APPLICATION INFORMATION 
Figure 18 : Block Diagram. 


THERMAL 
PROTECTION 


CIRCUIT DESCRIPTION 


BLOCK DIAGRAM. Fig. 18 shows the circuit block 
diagram. Following are described the single circuit 
blocks and their functions. 


VOLTAGE REGULATOR. It generates two values 
of reference voltage, accessible even on external 
pins. 10 V is the voltage that supplies all the anal- 
ogic internal blocks. 4,5 V (V1) is the voltage value 
which stands for ground of the signal inside the chip. 


INPUT AMPLIFIER, INTEGRATOR, COMPARA- 
TOR WITH HYSTERESIS, N-FET BLOCK 
DRIVER. These components implement the contro! 
system main loop, together with the external four 
power devices. The TSM (two state modulation) 
system is used. 


The input amplifier is utilized in differential configu- 
ration, and refers the input signal to V1 voltage; in 


Figure 20 : Free Running Oscillator Principle. 
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VOLTAGE 10V 
REGULATORS } 
O 


O 
8 


such way the chip turns to general use. On the input 
amplifier acts a dynamic limiter circuit, with interven- 
tion proportional to supply voltage avoiding overload 
and aliasing at lower Vs (Fig. 19). 


Figure 19 : Duty Cycle Input Dynamic Limitation. 
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A signal for supplying an external compressor stage 
(i.e. TDA7232) is available. 


For the effective control loop the feedback signal is 
taken from switched points of external power bridge 
(before LC output demodulation filter) and sent to 


Figure 21. 


AUDIO (NPUT 


TDA7260 


the integrator (see Fig. 20). 


The triangle waveform at the integrator outpout 
drives the comparator with a hysteresis, and this 
supplies the correct time-intervals to the driving 
stages (Fig. 21). 


INPUT SIGNAL 


MODULATED AND INTEGRATED SIGNAL 


PWM SWITCHED SIGNAL 


DEMODUL ATION 
FiLTER 
(LOW PASB6) 


$-965311 SPEAKER 


When an audio signal is introduced to the integra- 
tor, it generates an offset which varies the duty cycle 
and frequency of the switching output (with no audio 
signal the duty cycle is 50%). The bridge POWER 
MOS with the drain connected to the supply voltage, 
are driven in boostrap. The choice of MOS device 
is suggested by the high commutation speed and in 
order to reduce the chip dissipation. The Mosfets 
SGSP321 can be succesfully used. The LC filter on 
the bridge output demodulates the signal and rec- 
onstructs the sine wave on the speaker (see 
Fig. 22). 


PARTIALLY DEMODULATED 
SIGNAL 
( THEORETICAL) 


Figure 22. 
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SWITCHING FREQUENCY STABILIZER. It con- 
sists of a block which stabilizes the witching fre- 
quency of the system; it receives the supply voltage 
and the input signal amplitude as inputs, and ac- 
complishes its function by varying the histeresis 
thresholds of the comparator. The purpose of such 
stabilizer is to reduce the range of the switching fre- 
quency (40KHz < Fsw < 200 KHz) avoiding greather 
variations versus supply voltage, input signal, out- 
put current. (Fig. 23). 


DITHER OSCILLATOR. It is a low-frequency oscil- 
lator. Its frequency (20Hz typ.) is set by an external 
capacitor; at this value it determines a frequency 
switching modulation of about 10% around its nomi- 
nal value, in order to minimize the problem of the 
spurious irradiations of the harmonics at the switch- 
ing frequency (EMI). 


Figure 23. 


co 
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Figure 25. 
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MUTE.It is a protection circuit which shuts the sys- 
tem off when the supply voltage is lower than 10.5 V 
and higher than 16 V. The switching-on is further de- 
layed by an external capacitor. In mute condition the 
outputs are low (Figs. 24,25). 


SHORT CIRCUIT PROTECTION. It is a compara- 
tor having an offset which senses the current drawn 
by the power stage by a voltage drop across an ex- 
ternal resistor (internal VtH = 250 mV): it acts on the 
mute circuit. 


THERMAL AND DUMP PROTECTIONS. It shuts 
the device off when the junction temperature rises 
above 150 °C, and it has a hysteresis of above 20 °C 
typ. It acts on the mute circuit. 


The device is protected against supply overvoltages 
(Vs = 40 V, t = 50 ms). 


Figure 24. 
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BRIDGE — STEREO AMPLIFIER FOR CAR RADIO 


VERY FEW EXTERNAL COMPONENTS 

NO BOUCHEROT CELLS 

NO BOOTSTRAP CAPACITORS 

HIGH OUTPUT POWER 

NO SWITCH ON/OFF NOISE 

VERY LOW STAND-BY CURRENT (100A) 

FIXED GAIN 

a PROGRAMMABLE TURN-ON DELAY 

» OUTPUT AC-DC SHORT CIRCUIT TO 
GROUND AND TO SUPPLY VOLTAGE 

a VERY INDUCTIVE LOADS 

a OVERRATING CHIP TEMPERATURE 

a LOAD DUMP VOLTAGE 

» FORTUITOUS OPEN GROUND 


DESCRIPTION 


The TDA7350 is a new technology class AB Audio 
Power Amplifier in Multiwatt ® package designed 
for car radio applications. Thanks to the fully com- 
plementary PNP/NPN output configuration the high 


PIN CONNECTION (top view) 


9 
8 
7 
6 
5 
4 
3 
2 
1 


—_ 
am Tab connected to pin 6 


November 1988 


ADVANCE DATA 


Multiwatt—11 


ORDER CODE : TDA7350 


power performance of the TDA7350 are obtained 
without bootstrap capacitors. 

A delayed turn—on mute circuit eliminates audible 
on/off noise, and a novel short circuit protection sys- 
tem prevents spurious intervention with highly indu- 
tive loads 


STAND-BY 
OUT 1 
+Vo5 

OUT 2 
SVR 
P-GND 

IN 2 (+) 
BRIDGE/STEREO 
S-GND 

IN 1 (-) 

IN 1 (+) 
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APPLICATION CIRCUIT 


(Seca e 


IN2( +) 


OUT 1 
OUT 
INi(-)} BRIDGE S-GND - P-GNOD 


ABSOLUTE MAXIMUM RATINGS 


[Symbol] ~~ rameter —SSCSC*~*~“‘~*~*~sS*~S ard: 
| Vs | Operating Supply Voltage | tT 
| Vs | DC Supply Voltage 
| Vs | Peak Supply Voltage (for t = 50 ms) a ae 
| lo | tour Peak (nonrep.t=100us) A 
| lo | our Peak(rep.frea>10Hz) | 
ze Power Dissipation at Tcase = 80 °C a ee 


THERMAL DATA 


Thermal Resistance Junction-case Max 
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ELECTRICAL CHARACTERISTICS (refer to the test circuits, Tamp = 25 °C, V, = 14.4V, f = 1 kHz, 
unless otherwise specified) 


[Symbol] _Parameter___‘| Test Conditions | win | Typ. | Max. | unit | 
0 
la | Total Guiescont Grain Current | Sioreo Configuration | [| 120 | ma 
0 
a 


STEREO 


ispaball "> Saronaier 1 aoa eave aa a) 


Output Power (each channel) 12 
11 

Yi, W 
Me 


SVR Supply Voltage Rejection R, =0 to 10 kQ 45 50 
f = 100 Hz 

CT Crosstalk = 1 kHz 45 55 
f = 10 kHz 50 


| Ri | InputResistance | 80k 


A 
Te, | votage Ganache dP 


Input Noise Voltage 


BRIDGE 


Output Power =10% 


d= 0.5 % Fuos4o | | 8 


Distortion RR, =4Q2 f=1 kHz 0.15 1 % 
one =0.1 Wto 10 W 


es Output Offset Voltage 


Supply Voltage Rejection R, =0 to 10 
f= — Hz 


| Ri | Input Resistance 
Sr 
Input Noise Voltage Rg =50 Q ee ee ee 
2 oes ka 
ps | sa] |S 


(*) Curve A; (**) 22Hz to 22KHz 
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Figure 1 : STEREO Test and Application Circuit. 
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Figure 2: P.C. and layout (stereo) of the Fig.1 (1:1 scale). 
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Figure 3 : BRIDGE Test and Application Circuit. 
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IN2( +) 
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OUT 18 


IN1(-) BRIDGE S-GND - P-GND 
2 


Figure 4 : P.C. and layout (bridge) of the Fig.3 (1 : 1 scale). 
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Figure 5 : Output Power Versus Vs 
(stereo) 
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Figure 7 : Pout Versus Frequency 
(stereo) 
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Figure 9 : SVR Versus Csvr 
(stereo) 
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Figure 6 : Pout Versus Frequency 
(stereo) 
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Figure 8 : Crosstalk vs 
Frequency (stereo) 
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Figure 10 : Output Power Versus Vs 
(bridge) 
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Figure 11 : Quiescent Current Versus Vs 
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Figure 13 : Dissipated Power & Efficiency vs. 
Po (bridge) 
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Figure 12 : Dissipated Power & Efficiency vs. 
Po (stereo) 
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STEREO / BRIDGE AMPLIFIER WITH CLIPPING DETECTOR 


VERY FEW EXTERNAL COMPONENTS 

NO BOUCHEROT CELLS 

NO BOOTSTRAP CAPACITORS 

HIGH OUTPUT POWER 

NO SWITCH ON/OFF NOISE 

VERY LOW STAND-BY CURRENT 

FIXED GAIN 

» PROGRAMMABLE TURN-ON DELAY 

a CLIPPING DETECTION 

a OUTPUT AC-—DC SHORT CIRCUIT TO 
GROUND AND TO SUPPLY VOLTAGE 

a» VERY INDUCTIVE LOADS 

a OVERRATING CHIP TEMPERATURE 

ma LOAD DUMP VOLTAGE 

a FORTUITOUS OPEN GROUND 


DESCRIPTION 


The TDA7360 is a new technology class AB Audio 
Power Amplifier in Multiwatt package designed for 
car radio applications. Thanks to the fully com- 
plementary PNP/NPN output configuration the high 


PIN CONNECTION (top view) 


[ TAB CONNECTED TO PIN 6 


November 1988 


ADVANCE DATA 


Multiwatt—11 


ORDER CODE : TDA7360 


wer performances of the TDA7360 are obtained 
without bootstrap capacitors. 


A delayed turn—on mute circuit eliminates audible 
on/off noise, and a novel short circuit protection sys- 
tem prevents spurious intervention with highly indu- 
tive loads 


The device provides a circuit for the detection of clip- 
ping in the output stages. The output, an open col- 
lector, is able to drive systems with automatic 
volume control. 


STAND-BY 
OUT 1 

+Us 

OUT2 

SUR 

P-GND 
IN2(+) 

OUT BRIOGE 
S-GNO 
CLIP. DET. 
IN1(¢) 
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APPLICATION CIRCUIT (bridge) 


STAND-BY 


OUT2 


TDAZ 3608 


IN2(+) 


IN1( +) OUT1 
OUT 
CLIP.DET.BRIOGE S-GND P-GND 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 
Vs 
Vs 
Vs 


|_Unit 
bs Wee Operating Supply Voltage 
| Vs | DC Supply Voltage 
| Vs__| Peak Supply Voltage (fort=50ms)_ | | 
Plo [tour Peak (nonrep.t=100us) SC~<“~*~*~s—é‘sSC“‘“ !C™C*dC 
on . . 
eee | 

fers 


lout Peak (rep. freq. > 10 Hz) 
Ptot | Power Dissipation at Tcase = 80 °C 
— 40 to 150 


Storage and Junction Temperature 


THERMAL DATA 


Thermal Resistance Junction-case Max 
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ELECTRICAL CHARACTERISTICS (refer to the test circuit, Tamp = 25 °C, V, = 14.4V, f = 1 kHz, 
unless otherwise specified) 


[Symbol] Parameter | Test Conaitions | win. | typ. | Max. | Unit 
Tv. | SupeyVotage SiS SC—“‘“‘CSSS™*drSCSC*dSC tt 
1s | Total Guiesvont Drain Current | Stereo Configuration |_| 60 |_| ma 
0 
Tiss | Stane-by Curent SP S00 
Teo | Giip Detector Curent average [aat%e Sd ma 


Atco Distortion Threshold for Clip 0.5 % 
Detect. Output 
STEREO 


fsymver[ Parameter [Test Condens [wins | Typ. [wax [unt 


Output Power (each channel) 
_ a 
. 


Distortion f=1kHz4Q 0.05 
100 mW to 4 W 

Supply Voltage Rejection R, =0 to 10 kQ 
f = 100 Hz 

Crosstalk f =1 kHz 60 dB 
f = as kHz ea ae 


Ee Input Resistance 


ci ae a ae ee ae 
a es ee ee 


Ein Input Noise voltage 22 Hz to 22 kHz Rg = 502 3 uV 
Rg = 10 kQ 3.5 uV 


BRIDGE 


Symbol _—__Parameter_/_Teet Condtone_{_ wn. | Type | Mex. Unit 
El 


| Vos_| Ouput Offset Voltage 


Output Power = po % 


d=0.5 % 


Distortion Rp =4Q f = 1 kHz 0.05 % 
= =0.1 to 10 W 

Supply Voltage Rejection R, =0 to 10 kQ 55 
f = 300 Hz to 3.5 kHz 


atoms ——}eesowe |__| | _1 
Te, | votagecain —SSCidESC(i‘;<S;S<S;<SsSt~i lf 


En Input Noise Voltage 22 Hz to 22 kHz Rg = 500 6 uV 
Rg 7 uV 
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APPLICATION INFORMATION 


The TDA7360 is equipped with an internal circuit reached on each output. 

able to detect the output stage saturation providing This particular function allows compression facility 
a proper current sinking into a proper open collec- whenever the amplifier is overdriven, obtaining high 
tor out. (pin 2) when a certain distortion level is quality sound at all listening levels. 


Figure 1 : Dual Channel Distortion Threshold Detector. 


IN1i © ee 


CLIPPING 


DET. 
DISTORTION 
DETECTOR 
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Figure 2 : Output from the Clipping Detector Pin. Versus Signal Distortion. 
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Figure 3 : Stereo Test and Application Circuit. 
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Figure 5 : Bridge Test and Application Circuit. 
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Figure 6: P.C. and layout (bridge) of the Fig.5 (1: 1 scale). 
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DUAL LOW NOISE TAPE 


PREAMPLIFIER WITH AUTOREVERSE 


2 PROGRAMMABLE TURN-ON DELAY 

» TRANSIENT-FREE MUTING AND POWER-UP 
NO POPS 

x LOW-NOISE 0.6 uV/ CCIR/ARM 

n HIGH POWER SUPPLY REJECTION — 95 dB 

» LOW DISTORTION 0.03 % AND HIGH SLEW 
RATE —6 Vius 

» SHORT CIRCUIT PROTECTION 

» INTERNAL DIODES FOR DIODE SWITCHING 
APPLICATIONS 


DESCRIPTION 

The LM1837 is a dual autoreversing high gain tape 
preamplifier for applications requiring optimum 
noise performance. It has forward (left, right) and re- 
verse (left, right) inputs which are selectable through 
a high impedance logic pin. It is an ideal choice for 
a tape playback amplifier when a combination of low 
noise, autoreversing, good power supply rejection, 
and no power-up transients are desired. The appli- 
cation also provides transient-free muting with a sin- 
gle pole grounding switch. 


PIN CONNECTION (top view) 


RIGHT OIODE 
OUTPUT 


RIGHT OUTPUT 
R(+) IN 
R(-)IN 
RIGHT X25 OUT 


BIAS 


RIGHT FORWARO 
INPUT 


RIGHT REVERSE 
INPUT 


We 
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ORDER 


LEFT OIODE 
OUTPUT 


LEFT OUTPUT 
L (+)IN 
L (-)IN 
LEFT X25 OUT 


LOGIC 


LEFT FORWARD 
INPUT 


LEFT REVERSE 
INPUT 


(Plastic) 


CODE : LM1837 
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Figure 1 : Autoreversing Tape Plyback Application. 
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ABSOLUTE MAXIMUM RATINGS 


nate 


Supply Voltage 18 

Voltage on Pins 1 and 18 18 
a Dissipation 1390 
Storage | Storage Temperature ssi‘sSSCSCiSY — 65 to 150 | eee | 


Operating Temperature 0 to 70 : 
Minimum Voltage on any Pin — 0.1 
THERMAL DATA 


Thermal Resistance Junction-ambient Max a oe 


ELECTRICAL CHARACTERISTICS (Tamp = 25 °C, Vs = 12 V, see test circuits) 


[Symboi] Parameter Test Conditions | win. | Typ. [ Max. | Uni | 


Vs Supply Voltage R5 removed from circuit for low 4 18 V 
voltage operation 


eee eee Se eS 


Total Harmonic Distortion f =1 KHz V, =0.3 mV 0.0 
Pins 2 and 17, See Test Circuit 

THD + Noise (note 1) f = 1 KHz Vo=iV 0.1 0.25 
Pins 2 and 17, See Test Circuit 


Power Supply Rejection Input Ref. f = KHz, 1 Vrms | so | 95 | | 


Cs Channel Separation (note 2) f = 1 KHz, Output = 1 Vrms 
Output to Output 
Left to Right 40 60 dB 
Forward to Reverse 40 60 dB 
S/N Signal-to-noise (note 3) Unweighted 32 Hz - 12.74 KHz 
(note 1) 58 dB 
CCIR/ARM (note 4) 62 dB 
A Weighted a se 


CCIR, Peak (note 5) 


| en [Noise | Output Voltage CCIR/ARM (note 4) | | 120 | 200 | pv _| 
INPUT AMPLIFIERS 
Symbol Test Conditions ae ee 
Input Bias Current 0.5 
Input Impedance f = KHz 150 
AC Gain 27 28 29 
AC Gain Imbalance + 0.15} + 0.5 
DC Output Voltage pe — a 
Output Source Current Pins 5 and 14 | 2 | 10 | | ma | 
Gy, SGS-THOMSON =O 
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ELECTRICAL CHARACTERISTICS (continued) 


LOGIC LEVEL 


[Symbol] Parameter ——~«| Test Conditions | Min. [ Typ. [ Max. | Unit 
-~esie Fin Curent dS 


ee DC Voltage Change at Pins 5 | Change Logic State 100 
and 14 


OUTPUTS AMPLIFIERS 


[Symbol] Parameter——~(| Test Gonaitions | in. | Typ. | Max. | Unit 
P| Giese Loop Gain (| Stable Operation ——SSCSC~—sS | TC 
[G,[ Open Loop Votiage Gan foo. SCS~SsS~—SSCi tt] 
ean Bandwidth Product | SSP 
a 

input Offset Volage «dS 
input offset Gurrent «PS 2900 na 
input Blas Gurent iP SSSSSCS—~d 

Output Source Curent | Pheeri7——SSC~S~S~S 

Output Sink Gurrent ‘(| Pneort7—~—~—~S~S~S a0 | G00 | «dn 
Output Vonage Swng | Pineort?SS—~YSSid Pd 
[Output Diode Leakage | Voltage on Pins tandie=tev | | 0 | 10 | ya 


Note: 1 Measured with an average responding voltmeter using the filter circuit in figure 4. This simple filter is approximately equivalent a "brick 
wall" filter with a passband of 20 Hz to 20 KHz (see Application Hints) For 1 KHz THD the 400 Hz high pass filter on the distortion 
analyser is used 

2 Channel separation can be measured by applying the input signal through transformers to simulate a floating source (see Application 

Hints). Care must be taken to shield the coils from extraneous signal Actual production test techniques simulate this floating source 

with a more complex op amp circuit. 

The numbers are referred to an output level of 160 mV at pins 2 and 17 using the circuit figure 2 This corresponds. 

Measured with an average responding voltmeter using the Dolby lab’s standard CCIR filter having a unity gain reference 2 KHz. 

Measured using the Rhode-Schwartz psophometer, mode UPGR. 
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Figure 2 : Test Circuit. 
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Figure 3 : Input Amplifier Distortion vs. Input 
Level. 
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Figure 4 : Input Amplifier Gain and Phase vs. 
Frequency. 
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Figure 5 : Output Amplifier Open Loop Gain and 
Phase vs. Frequency. 
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Figure 7 : Noise Current vs. Frequency. 
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Figure 9 : Turn-on Delay vs. Component Values 
and Gain. 
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Figure 6 : Noise Voltage vs. Frequency.. 


Figure 8 : Total Harmonic Distortion vs. 
Frequency. 
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Figure 10 : 10 SVR vs. Frequency. 
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Figure 11: SVR vs. Supply Voltage. 
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Figure 13 : Right to Left Channel Separation vs. 
Frequency. 
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Figure 15 : Input Amplifier DC Output Voltage vs. 
Temperature (pins 5, 4). 
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Figure 12 : Is vs. Vs. 
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Figure 14 : Forward to Reverse Channel 
Separation vs. Frequency. 
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Figure 16 : Frequency Response of Test Circuit. 
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Figure 17 : Simple 32 Hz - 12740 Hz Filter and Meter. 


PINS 70R 10 


DISTORTION ANALYZER/ 
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APPLICATION INFORMATION 
EXTERNAL COMPONENTS (figures 1 and 18) 


Normal Range of Value and Function 


R1, C2 2KQ - 40 KQ, 0.1 uF - 10 pF (low leakage). 
and R12, C9 Set turn-on delay and second amplifier's low frequency pole. Leakage current in C2 results 
in DC offset between the amplifier's inputs and therefore this current should be kept low. 
R1 is set equal to R2 such that any input offset voltage due to bias current is effectively 
cancelled. An input offset voltage is generated by the input offset current multiplied by the 
value of these resistors. 


R2, R3 2 KQ - 40 KQ, 500 KQ - 10 KQ. 
and R13, R10 Set the DC and frequency gain of the output amplifier. The total input offset voltage will 
also be multiplied by the DC gain of this amplifier. They are therefore essential to keep the 
input offset voltage specification in mind when employing high DC gain in the output 
amplifier ; i. e., 5 mV x 400 = 2 V offset at the output. 


R4, C1 10 KQ - 200 KQ, 470 pF to 10 nF. 
and R11, C8 Set tape playback equalization characteristics in conjunction with R3 (calculations for the 


component values are included in the application (hints section). 


R6, R8 2 KQ - 47 KQ. 
Blas the output diode in DC switching applications. These resistors can be excluded if 
diode switching is not desired. 

C3...C6 100 pF - 1000 pF. 
Often used to resonate with tape head in order to compensate for tape playback losses 
including tape head gap and eddy current. For a typical cassette tape head, the resonant 
frequency selected is usually between 13 KHz and 17 kHz. 


R5, R14 100 KQ - 10 MQ. 
Increase the output DC bias voltage from the nominal 2.5 V value (see application 
information). 


R7, RQ Optionally used for tape muting. The use of these resistor can also provide "no-pop" 
turn-off if desired (see application information) 
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Figure 18 : Autoreversing Tape Plyback Application. 
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Figure 19 : P. C. Board and Components Layout of the Circuit of fig. 18 (1 : 1 scale) 
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MINIDIP STEREO AMPLIFIER 


a» WIDE SUPPLY VOLTAGE RANGE (3 to 36 V) 
a» SINGLE OR SPLIT SUPPLY OPERATION 
a VERY LOW CURRENT CONSUMPTION 
(0.8 mA) 
a VERY LOW DISTORTION 
a NO POP-NOISE 
a» SHORT CIRCUIT PROTECTION 


DESCRIPTION SBI 

The TDA2320A is a stereo class A preamplifier in- (Plastic) 

tended for application in portable cassette players 

and high quality audio systems. 

The TDA2320A is a monolithic integrated circuit a ORDER CODE : TDA2320A 
8 lead minidip. 


CONNECTION AND BLOCK DIAGRAM (top view) 


NON INV 
INP A 
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TYPICAL APPLICATION : Stereo Preamplifier for Cassette Players. 


TAPE 100 
a abe 
{| 


F 


47 pF ; 
+ 1 
DA2320a > | 
APE 100 
K 
a 


1OnF 
150 al | 


——w rela 
S- 4666/1 a 


SKN 


SCHEMATIC DIAGRAM (one section) 
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ABSOLUTE MAXIMUM RATINGS 
Symbol| SSC arameter —OSCSC~C~“~“‘*~*~“‘“~*~*~dSCS*~C~S | 


Total Power Dissipation at Tamp = 70 °C 
Storage and Junction Temperature — 40 to 150 


THERMAL DATA 


Thermal Resistance Junction-ambient Max 200 


ELECTRICAL CHARACTERISTICS (refer to the test circuits, V; = 15 V, Tamp = 25 °C, unless 
otherwise specified) “ 


| Symbol | __ Parameter — | ~———sTest Conditions ——|_min. | Typ. | Max. | Unit _ 
vs | SupplyVoltage(*) | ti‘ 8 fll] UY 
(*) | 08 | 
os 


Tv om 

| Supp Current) PSS 

[Ver | Input Ofset Vonage [Ry etoma SSCS 

[tee | Input Oiset Curent ar 
=a 
= 
[4 


Gy Open Loop Voltage 


Gain 


ee Ru=6000  [Vs=45v | | 25 | 
Gain-bandwidth Product] f=20kHz || 25 || MH 
40 70 


Power Bandwidth (*) Vo =5 Vpp 


d=1% 


sR |SewRae() | SOSC~—CSSS dt | dC 
‘) Vo=2V | f=thHe | | 03 | |, 
en Total Input Noise Curve A fAg=50Q - |. | aoe | 
Voltage (") rRg=s00a | | ia | ta | wv 
rRe=sko | dP 18 | 
[Ag=SkQ | | 2 | 
| Cs__| Channel Separation (*){ te tke || too | |B 


SVR Supply Voltage (**) f = 100 Hz 
Rejection 


(*) Test circuit of fig 1. 
(**) Test circuit of fig.2. 


kHz 


Distortion ( 


fs 
[Sse 
Output Voltage fat kez A 2 
pp 
B 
BW 
az 
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TEST CIRCUITS 
Figure 1. 


Figure 2. 
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Figure 3 : Supply Current vs. 
Supply Voltage. 
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Figure 5 : Output Voltage Swing vs. 
Load Resistance. 


Figure 7 : Total Harmonic Distortion vs. 
Output Voltage. 
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Figure 4 : Supply Current vs. 
Ambient Temperature. 
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Figure 8 : Total input Noise vs. 
Source Resistance. 
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Figure 9 : Noise Density vs. Figure 10 : RIAA Preamplifier Response 
Frequency. (circuit of fig.12). 
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Figure 11 : Tape Preamplifier Frequency 
Response (circuit of fig. 14). 
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APPLICATION INFORMATION 
Figure 12 : Stereo RIAA Preamplifier. 
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Figure 14 : Stereo Preamplifier for Walkman Cassette Players. 
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Figure 15 : Second Order 2 KHz Figure 16 : Frequency Response 
Butterworth Crossover. (circuit of fig.15). 
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Figure 17 : Third Order 2.8 KHz Bessel Figure 18 : Frequency Response 
Crossover. (circuit of fig.16). 


Filter for Hi-Fi Active Boxes. 
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APPLICATION INFORMATION (continued) 
Figure 20 : Subsonic Filter. 


Figure 21 : High—cut Filter. 


For fe = 3.4 KHz and R, = Ri = R2 = R3 = R4 = 10 KQ, we obtain : 
1 1 


1 1 


Ci = 1.354 .__ ._ =) G/_B3 NF C3 = 0309 .__._ ===) 1.45nF 
R on fc R On fc 
C= 00 oo es & AGT AE Gt & 99050) ue 6 ABqaHE 
R on fc R 2,7 fc 
Z 1 1 2 The attenuation of the filter is 30 dB at 6.8 KHz and 
ve Ge RSs R Ont Seer better than 60 dB at 15 KHz. 
10/12 
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APPLICATION INFORMATION (continued) 
Figure 23 : Sixth-pole 355 Hz Low-pass Filter (chebychev type). 


S-5154 


This is a 6-pole Chebychev type with +0.25 aB rip- 55 dB at 710 Hz and reaches 80 cB at 1065 Hz. The 
ple in the passband. A decoupling stage is used to in band attenuation is limited in practice to the +0.25 
avoid the influence of the input impedance on the dB ripple and does not exceed 1/2 dB at 0.9 fc. 
filter's characteristics. The attenuation is about 


Figure 24 : Three Band Tone Control. 
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Figure 25 : Frequency Response of the 
Circuit of Fig.24. 

: all controls flat 

‘bass & treble boost, mid flat 

: bass & treble cut, mid flat 

: mid boost, bass & treble flat 

: mid cut, bass & treble flat 
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DUAL LOW NOISE TAPE PREAMPLIFIER 
WITH AUTOREVERSE 


m VERY LOW NOISE 

a HIGH GAIN 

a LOW DISTORTION 

a SINGLE SUPPLY OPERATION 

a» WIDE SUPPLY RANGE 

a SVR=120dB 

a LARGE OUTPUT VOLTAGE SWING 
a TAPE AUTOREVERSE FACILITY 

a SHORT-CIRCUIT PROTECTION 


DESCRIPTION 


The TDA3410 is a dual preamplifier with tape auto- 
reverse facility for the amplification of low level sig- 
nals in applications requiring very low noise 
performance, as stereo cassette players. Each 
channel consists of two independent amplifiers. The 
first has a fixed gain of 30 dB while the second one 
is an operational amplifier optimized for high quality 
audio application. 


The TDA3410 is a monolithic integrated circuit in a 
16-lead dual in-line plastic package. 


PIN CONNECTION (top view) 


OUTPUT A 


NON INVERT. 
INPUT A 


INVERT. 
INPUT A 


VOLTAGE REF. 


OUTPUT 


INPUT 


INPUT 


GND 


September 1988 


(Plastic 0.4) 


ORDER CODE : TDA3410 


{NVERT. 
INPUT B 


THRESHOLD 


OUTPUT 


INPUT 


INPUT 
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STEREO PREAMPLIFIER FOR AUTOREVERSE CASSETTE PLAYERS 


BLOCK DIAGRAM 


“Ross 


ee 


§-4051 


Parameter 


Supply Voltage 
Total Power Dissipation at Tamp = 60°C 


Storage and Junction Temperature 


THERMAL DATA 


Thermal Resistance Junction-ambient Max 150 
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TEST CIRCUIT (Flat Gain - Gy = 60 dB) 


forw. (¢}] 


INPUT A 


R5=R6=47KN(Ve= 14 4V) 
R5=R6=-1SK N(Vo= 30Vv) 
Autoreverse 


Switch 
Shielded Test -Box 


$ 4053/1 


ELECTRICAL CHARACTERISTICS (Tamp = 25°C, V, = 14.4V, G, = 60aB, refer to the test circuit, 


unless otherwise specified) 


[Symbol Parameter | __Test Conditions | win. | Typ. | Wax. | 
Pl, | Supply Curent _[Vawaviosov SSS ta 


Output Current Source 10 mA 
aa (pins 1-15) Sink acaeeea Satis 


Closed Loop Gain f = 20Hz to 20KHz 


es 
| Ri | Input Resistance | f=tKHz | 88] 


aad Resistance f = 1KHz 50 Q 
(pins 1-15) 
Total Harmonic Distortion | Vo =300mV f = 1KHz 0.05 % 
f = 10KHz 0.05 % 
Vo nee Voltage Swing Peak to Peak Vs = 14.4V 12 V 
(pins 1-15) Vs, =30V 28 V 
mane, are d =0.5% 5 = 14.4V 4 Vims 


a — Noise ( 


S/N Signal to Noise Ratio (°) | Vin =0.3mV Rg = 6002 57 dB 
in = 1mV Rg =0 73 dB 
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ELECTRICAL CHARACTERISTICS (continued) 


Channel Separation f = 1KHz 


CT(°°°) | Cross-talk (differential f = 1KHz 
input) 
Supply Voltage Rejection | f = 1KHz Rg = 6002 
(°°) 
SVR (°°)| Of Reference Voltage f = 1KHz 100 
(pin 4) Rg = 600Q 


Resistance (pin 4) 
AT Coefficient 
) R 


(*) The weighting filter used for the noise measurement has a curve A frequency response. 
(°* eferred to the input. 
(°°) Between a disabled input and an input ON. 


ELECTRICAL CHARACTERISTICS (refer test circuit, V, = 30V) 
AMPLIFIER N° 1 : 


0 


f = 1KHz 
f = 10KHz 


AMPLIFIER N° 2 


(pins 2 to 1) 

| te | inputBiasCurrent | Te 
Vos | tnput Offset Voltage | SSC~S~“—~sS~sSC“‘iRs«dSSSd 
| los | Input Offset Current | | 
| BW | Small Signal Bandwidth | Gy=3008 | | t50 | KH 
| en | Total input Noise() [| Rg=600a | 
| Fi | Inputimpedance | f=1KHz(opentoop) | 150 | 500 | | kK 


AUTOREVERSE 


(*) The weighting filter used for the noise measurement 
has a curve A frequency response. 
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= 22 Hz to 22 KHz). 


Figure 2 : Total Input Noise vs. Source 
Resistance (BW 
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Figure 1 : Total Input Noise vs. Source 
Resistance (curve A). 
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Figure 4 : Very Low Noise Stereo Preamplifier for Car Cassette Players (with Gap Loss Correction and 
autoreverse function). 
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Figure 5 : Frequency Response. 
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Figure 6 : P.C. Board and Component Lay-out for the Circuit of Figure 4. 
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Figure 7 : Stereo Preamplifier for Car Cassette Players, with Low Value Capacitors (Autoreverse function). 
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Figure 8 : Frequency Response. 
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DUAL VERY LOW NOISE PREAMPLIFIER 


a VERY LOW NOISE 

m HIGH GAIN 

a LOW DISTORTION 

a SINGLE SUPPLY OPERATION 

a LARGE OUTPUT VOLTAGE SWING 
a SHORT-CIRCUIT PROTECTION 


DESCRIPTION 

The TDA3420 is a dual preamplifier for applications 
requiring very low noise performance, as stereo 
cassette players and quality audio systems. Each 


channel consists of two independent amplifiers. SO-16J 

The first one has a fixed gain while the second one 

is an operational amplifier for audio application. ORDER CODES: 1DA3420 (DIP-16) 
The TDA3420 is available in two packages : 16- TDA3420D (SO-16) 


lead dual in-line plastic and 16-lead micropackage. 


PIN CONNECTIONS (top views) 


OUTPUT A . OUTPUT A 


NON INVERT 


NON INVERT. 
OUTPUT B SGGICR OUTPUT 8 


INPUT A 

INVERT. 14 [] NON INVERT. GND 14 |] NON INVERT. 

INPUT A INPUT 8B INPUT B 
INVERT. INVERT. 

a) LNPUT B INPUT A GNO 


INVERT 
N.C OUTPUT INPUT 8 


OUTPUT INPUT OUTPUT 


INPUT INPUT 


GND INPUT 
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BLOCK DIAGRAM (pin numbers refer to the DIP) 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage V 


Prot Total Power Dissipation at Tamp = 70°C DIP-16 550 mW 
SO-16 400 mW 
°C 


Storage and Junction Temperature — 40 to 150 ee! 


THERMAL DATA 


Symbol | 80-16 
Thermal Resistance Junction-ambient Max 150°C/W 200°C/W (*) 


* The thermal resistance is measured with the device mounted on a ceramic substrate (25 x 16 x 0.6 mm). 
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Figure 1 : Test Circuit. 


Note : Pin numbers refer to DIP. 


Figure 2 : Test Circuit without Input Capacitors. 


$-$23711 


Note : Pin numbers refer to the DIP. 
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ELECTRICAL CHARACTERISTICS (Tamp = 25°C, V, = 14.4V, G, = 60GB refer to the test circuit of 
fig. 1, unless otherwise specified) 


Supply Current V, = 8V to 20V 


| Min. | 
| Supply Current a 
ee ee eee 
ea 
esas 
eee 
ee ee 
Without Noise }f=10KHz | | 
Y [itegs out [fnseteiersiee 
Voltage 
: 
cs i 
= 
| 27.5 | 


So tS 
>| >| > 


A 
ro) 


9° 


° 


3 


Total Input Noise (°) 


Signal to Noise Ratio (°)| Vin =0.38mV Rs = 6000 
Vin = imV Rs = 0 
(°°) | Vin = 0.3mV Rs = 6002 
Vin = 1mV Rs =0 


EteSe Channel Separation f = 1KHz 


Supply Voltage f = 1KHz Rs = 600Q 
Rejection (eee) 


AMPLIFIER Ne 1 


29 


) 

f = 10KHz 
| en | Total Input Noise?) | Rs=6000, | 
Tz. | Outpat impedance gn6)| t=ikz —SSSSSC*dSY 
lee i ) Eo] 
Pan 


= 
< 


1 


3 
> 


Output Current (pin) | 


DC Output Voltage (pin 5)| Test Circuit Fig. 2 


Test Circuit Fig. 1 


= Ble " B ala] al . . : E 


— | =lo/2 2 | 
in | © Sin 1S SIF 
s) mola 
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ELECTRICAL CHARACTERISTICS (continued) 


[Symbol] Parameter | __Test Conaitions | win. | Typ. | Max. | Unit 


AMPLIFIER N° 2 


"a, | Open Loop Votage Gan [SSS a 
a a ar AR AA EE Se a Ge 
Var | input Ofset Volage [SSS 
= 


[Input Offset Current, =| 8 
| Total Input Noise(*) || Rs=6000 | | 
TR pt impedence [1 ae open bop) [80 [00 


(*) Weighting filter : curve A. 
(°°) Weighting filter : Dolby CCIR/ARM. 
(°°") Referred to the input. 


Figure 3 : Total Input Noise vs. Source Resi- 


stance (curve A). 
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Figure 4 : Total Input Noise vs. Source Resi- 
stance (BW = 22 Hz to 22 KHz). 
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Figure 5 : Total Harmonic Distorsion vs. Output 
Voltage. 


Figure 6 : Output Voltage vs. Frequency. 
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Figure 8 : Frequency Response of the Circuit of 


Figure 7 : Distortion vs. Input Level (test circuit of 


Figure 10. 


Figure 1). 
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LOW NOISE PREAMPLIFIER COMPRESSOR 


a» SINGLE SUPPLY OPERATION (10 to 30V) 
a» HIGH SUPPLY VOLTAGE REJECTION 

u COMPRESSOR FACILITY 

mu VERY LOW NOISE AND DISTORTION 

a HIGH COMMON MODE REJECTION 

a SHORT CIRCUIT PROTECTION 


DESCRIPTION 


The TDA 7232 is a preamplifier mainly intended for 
car-radio applications, requiring very low noise and 
distortion performance. 


It consists of a unity gain differential inout amplifier DIP-20 
with a very high common mode rejection, a com- (Plastic 0.4) 
pressor wich avoids the output clipping and three 
multipurpose operational amplifiers. 


A high stability voltage regulator is also included. 
The TDA 7232 is assembled in a 20 lead dual in line 
plastic package. 


ORDER CODE : TDA7232 


PIN CONNECTION (top view) 


SUPPLY VOLTAGE 
REGULATED 5V (VR/2) 


GND 
BALANCED INPUT 


COMPRESSOR ATTACK/ 
DECAY TIME SETTING 


COMPRESSOR 
3 OPER. AMPLIFIER 


15 OPER. AMPLIFIER IN- |] 9 


2°-90PER. AMPLIFIER 


S-9584/2 


November 1988 1/12 
607 


TDA7232 


BLOCK DIAGRAM 


ATTACK 
DECAY THRESHOLD 


TIME DETECTOR 


17 
S-9615/} 


ABSOLUTE MAXIMUM RATINGS 


Parameter | Value | Unit 
FC OS 
Total Power Dissipation at Tamp = 70 °C 


THERMAL DATA 


Thermal Resistance Junction-ambient Max a ee oe 
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ELECTRICAL CHARACTERISTICS (Tamp = 25 °C, V, = 14.4 V, Gy = 30 GB, refer to test circuit 
amplifier fig. 1) 


Symbol Parameter [Test Gonditions | Min. [ Typ. [ Max. | Unit 
[ve _| Supply Votage a 
Tie | Suppy Curent St tt 
Ta, | Closed Loop Gain —=~S~*~ir Pn etn CSC~*~“C*‘“rtCS CP | ot 


Total Harmonic Distortion f = 1 KHz 
out of Compression V, =2 Vams me 03 me 12 


in compression V, =0.7 Vams| | 0. | 0.15 | 


<A 1 een ONCE Ce 7 es 
en | Total Output Noss Peaaerztozanre| | 160 | wv 
rpesoa[ cuwea | [io] pw 


SVR_ | Supply Volt. Rejection (*) Rg =50 Q f = 100 Hz 110 
Vr =1 Vans 


INPUT DIFFERENTIAL AMPLIFIER 


Symbol|___arameter [Test Gonaons [in Typ. [to [Uni 
[vos | input Onset votess SP SSCSC—C—sSsSsSYSCi 
Ter | Votage Gain Fes soe [ose ae Dan 
Total Input Noise Vollage—~*dCA, =O ;BacoretozeKe | [18 | [ww 
prgssoaicwver fa [ Pw 


Bi nd Il 
f = 1 KHz 

[Ve | Output Suing ——SOS~i we SSSCSC~C~—~i SP | 

Ter [sewrae SSS 

Town | Common woe Reject ——~=«ds eet aOKe =i se gO] 


COMPRESSOR 


Syebol|_———_Feranetor [test enaone Ti. [i er: [Wat 
te | inpureias Curent SSP SSS | 800 | 


Vow Input Offset Voltage Rg < 10 KQ 3.5 mV 
out of Compression 
Output Offset Voltage in Compression Vpin 17 = 0.7 V tL 350 | mv | 
Total Input Noise Voltage Rg =5092;B=22Hzto22KHz | | 18 | | wv | 
Rg = 50 @ ; Curve A ees ae ee 
Distortion Ru =2 KQ Vo =1 Vams 0.01 % 
f = 1 KHz v =20 cB 
Supply Voltage Rejection Va =i1V, f=100 Hz, Rg =50Q | 86 | | | aB 


(*) Referred to the input 
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ELECTRICAL CHARACTERISTICS (continued) 


Parameter Test Conditions | Typ. | Max. | 
Slew Rate et ee ee 


Pty | mputBias Curent | CS 
tor | input Ofset Curent | 
| CMR | Common Mode Rejection | 
Total Input Noise Voltage 
Seiten ves sono ad A 
Tve [Output Vorage Swing sf =2kaSSS~*d S| 8 | | Vos 


Total Harmonic Distortion Ry. =2 KQ Vo =1 Vrms 0.01 % 
f=1 KHz Gy, =20 dB 
@panitocn Gain PRL=2kQ st | 100 | | 


2nd OPERATIONAL AMPLIFIER (Gy, = 12 GB internally set) 


Symbol] Parameter____[ Test Conditions | Min. | Typ. | Max. | Unit | 
[Von [Ouput Ofer Vote SP SC—=<C~stsé‘iSSC‘idS a | 
sv_| Supply Vottage Rejection | Vasiv t=toore fee | | | 
thaodl PRees0a:cuweA | sd ta | av 
[Ve [BC Output Vonage Swing i uw2Ka—S=~<CS~s Hw | 


Total Harmonic Distortion Ry =2 KQ, f =1 KHz 0.01 % 
Vo=1 Vrms 


[&[Wotage Gain ——S~*~S~*~ Het —~C=“‘“dH:*C «| | 
[sk [StwRate SSS—~—‘i wm SC=~sSC<i 


VOLTAGE REGULATOR 


Vo Output Voltage Pin 19 Isink, source 4.6 5 5.4 V 
from 0 to 12 mA 
aa Output Max. Current fleource te | ma 
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Figure 1: Test Circuit. 
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Figure 3 : Supply Current vs. Supply Voltage 


(complete test circuit). 
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Figure 5 : Distortion vs. Frequency 
(complete test circuit). 
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Figure 7 : Supply Voltage Rejection vs. 


Frequency (complete test circuit). 
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Figure 4 : Compression Characteristics. 


Figure 6 : Distortion vs. Input Signal Level 
(complete test circuit). 
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Figure 8 : Distortion vs. Output Voltage 
(input differ. amplifier). 
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Figure 9 : Distortion vs. Frequency 
(input differ. amplifier). 
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Figure 11 : Distortion vs. Frequency 
(compressor). 
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Figure 13 : Distortion vs. Frequency 
(op. amp. 1 & 3). 
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Figure 10 : Distortion vs. Output Voltage 
(Compressor). 
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Figure 12 : Distortion vs. Output Voltage 
(op. amp. 1 & 3). 
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Figure 14 : Open Loop Frequency and Phase 
Response (op. amp. 1 & 3). 
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Figure 15 : Distortion vs. Output Voltage Figure 16 : Distortion vs. Frequency 
(op. amp. 2). (op. amp. 2). 
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APPLICATION INFORMATION 


The devices TDA7232 and TDA7260 realize with thanks to the availability of several operational 
four external POWER MOS an exclusive audio sys- amplifiers for the necessary equalization. 
tem for car radio, thanks to their unique feature as: a High-quality sound at all listening levels, thanks 
= 25 W output power (d = 0.3 %) without heatsink, to an appropriate compressor circuit that avoids 
thanks to the extra-high efficiency (85 % typ. at clipping in the system. 
rated output power) of the power stage, which = Low distortion, low noise, fully protected oper- 
operates in class "D" (pulse width modulation). ation of the whole system. 


a In-car frequency response compensation, 
Figure 17 : Suggested Application Using the TDA7260 Audio PWM Amplifier. 
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COMPONENT LIST 


R1=390 

R2 = 25 Kn 
R3 = 25 KO 
R4 = 100 Kn 
R5=1 KO 

R6 = 100 KN 
R7 = 470 KQ 
R8 = 2.72 
R9=1 KQ 
R10 = 0,025 2 
Rit = 20 
Ri2 = 209 
R13 = 209 
R142209 
R15 = (jumper) 
R16 = (Jumper) 


R17 = (jumper) 
A18 = (Jumper) 
R19 = 10 KQ 

R20 = 10 KQ 

R21 = 10 KQ 

R22 = 47 KQ 

R23 = 10 KQ 

R24 = 10 KQ 

R25 = 39 KQ 

R26 = 7.5 KQ 
R27 = 39 KQ 
R28 = tbd. 


C1 = 390 pF 

C2 = 390 pF 
C3 = 150 pF 
C4=2.2 wF-16V 
C5=47 pF-16V 
C6 = 1CO nF pol. 
C7 = 470 pF - 25 V 
C8 = 470 pF - 25V 
C10 = 470 nF 
C12 = 100 nF 

C13 = 390 pF 
C14 = 100 nF 
C15 = 100 nF 
C16 = 290 pF 


C17 =4.7 pF -16V 
C18 = 100 nF 
C19=10uF-16V 
C20 = 10uF-16V 
C21 = 100 nF 
C2221 uF -16V 
C23 = 100 nF 

C24 =10uF-25V 
C25 = 330 pF 

C26 = 220 nF 
C27 = 10 pF -25V 
C28 = 100 nF 

C29 =47uF-16V 
C30 = 100 nF 

C31 = 100 nF 


a os 
ek) 
Rie Cis 
2 aD 
L3_ 


C9 A444 


mts == DC GROUND 


y Y/2 = AC GROUND 


L1 = 150 uH 
L2 = 15uH 
L3 =15uH 


NOTE 

Q1 = P321 (SGS) 
Q2 = P321 (SGS) 
Q3 = P321 (SGS) 
Q4 = P321 (SGS) 


8} eunbi4 


wo @ 
oO oO 


‘Wd Olpny 092ZVGL 24} Bulsq yWNoD UoHeoddy AA SZ 


WITH NO EQUALIZATION 
FLAT RESPONSE, Gytot = 42 dB 


(A) = OPEN 

(B) = OPEN 

(C) = OPEN 

(D) = R=2.2KaQ 
(GE) = R= 22KO 
(F) = OPEN 

(G) = JUMPER 
(H) = OPEN 

() = OPEN 

(L) = OPEN 

(M) = JUMPER 
(N) = OPEN 

(0) = OPEN 

(P) = R= 2.2 Ka 
(Q) = R= 2.2K2Q 
(R) = OPEN 
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.18(1:1 scale). 


ircuit of Fig 


P.C. Board and Components Layout for the Ci 


Figure 19 
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Figure 21 : P.C. and Components Layout for the Circuit of Fig. 20 (1 : 1 scale). 
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Figure 22 : Frequency Response of the 
five Bands Equalizer Circuit. 
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STEREO LOW VOLTAGE CASSETTE PREAMPLIFIER 


mn LOW ON/OFF POP NOISE 
a LOW OPERATING VOLTAGE 
a VERY LOW DISTORTION 


DESCRIPTION 


The TDA7282 is a monolithic integrated circuit in- 
tended for stereo cassette players. 


The TDA7282 is assembled in 8 leads plastic 
minidip. 


CONNECTION AND BLOCK DIAGRAM 


NON INV. 
INR A 


NON INV. 
INP B 


August 1988 


es 


ORDER CODES 


MINIDIP 
(Plastic) 


: TDA7282 (Minidip) 
TDA7282D (SO — 8) 
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STEREO PREAMPLIFIER FOR CASSETTE PLAYERS 


Clag 22nF 


5.6K. | 150KM 
el eel 


22uF | (12 
r K 


——= 5 Be nS 
R6 TAPE HEAD 1/2 


S- 9638/1 


TEST CIRCUIT 


0.1 pF 


22K 0. 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 
Total Power Dissipation at Tamb = 70 °C 400 


THERMAL DATA 


Thermal Resistance Junction-ambient Max 200 


ELECTRICAL CHARACTERISTICS (V, =3 V, Tamp = 25 °C, f = 1 kHz, Gy = 40 dB, R, = 10 kQ, 
R, = 600 © unless otherwise specified) 


[Symbol] __Parameter____| Test Conditions | win. | Typ. | Max. | Unit | 
Tv, | SuppyVotage SiS SC—“—~*‘“~*é‘ir Ct Pk 
“ia | Supp Cur da 
Tt [input Bias Gurent i SSSSS*dCT 20500 na 
false sieonOtiseete: = = eee ee 
[Vee | Input Ofset Votlage =f SSCS os 
OS 


Vo 
THD Total Harmonic Distortion 
f = 100 Hz 
f=1 kHz 
f = 10 kHz 


Et 
= 
[Sv | Suppyy Volage Rejection [t= toe ——~SOS—S~=~—~idtC(i Ps 
eae 
ae 


Input Resistance Sree 
Output Resistance ee ee 
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APPLICATION INFORMATION 


Figure 1 : Stereo Preamplifier for Cassette Players. 
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Figure 2: P. C. and Components layout of the Circuit of Fig. 1 (1: 1 scale). 
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Figure 3 : Quiescent Current vs Figure 4 : DC Output Voltage vs. 
Supply voltage. Supply Voltage. 
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Figure 7 : Distortion vs Figure 8 : NAB Response of 
Frequency. Circuit of Fig. 1. 
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Figure 9 : Supply Voltage rejection vs. 


Frequency. 
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DIGITAL CONTROLLED STEREO AUDIO PROCESSOR 


PRELIMINARY DATA 


e SINGLE SUPPLY OPERATION 

a» FOUR STEREO INPUT SOURCE SELECTION 

ms MONO INPUT 

s TREBLE, BASS, VOLUME AND BALANCE 
CONTROL 

» FOUR INDEPENDENT SPEAKER CONTROL 
(front/rear) 

=» ALL FUNCTIONS PROGRAMMABLE VIA SER- 
IAL BUS 

a» VERY LOW NOISE AND VERY LOW DISTOR- 
TION 

» POP FREE SWITCHING 


DESCRIPTION 


The TDA 7300 is a volume, tone (bass and treble) 
and fader (front/rear) processor for high quality 
audio applications in car radio and Hi-Fi systems. 


Control is accomplished by serial bus microproces- 
sor interface. 


BLOCK DIAGRAM 


TDA7300 


(L) . 
INPUTS | 


S-9604 


May 1989 


SGS-THOMSON 
NiICROELECTRONICS 


TDA7300 


DIP-28 
(plastic) 


ORDER CODES : TDA7300 (DIP-28) 
TDA7300D (SOQ-28) 


The AC signal setting is obtained by resistor net- 
works and analog switches combined with oper- 
ational amplifiers. 

The results are : low noise, low distortion and high 
dynamic range. 


@ 


DIG.GND 
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PIN CONNECTION (top view) 


SCL 

SEN 

SDA 
OIG.GND 
Our (LF) 
OUT (AF) 


i 
| 


TREBLE 
TONE 


OUT (AA) 


i 
2 
3 
4 
5 
6 
7 
8 
9 


B OUT (A) 
B IN (A) 
8 OUT (L) 
B IN{L) 


$-9607 


ABSOLUTE MAXIMUM RATINGS 


THERMAL DATA 


Thermal Resistance Junction-pins Max 


ELECTRICAL CHARACTERISTICS (Tamp = 25°C ; Vg1 = 12V or Veo = 8.5V ; R, = 10KQ ; 
and Rg = 600Q ; f =1KHz unless otherwise specified) 


| Symbol | Parameter |_—Test Conditions |_min. | Typ. | Max. | Unit_ 


SUPPLY “) 

| Ver | Supply Voltage Ver | 

| Vse__| Supply Votlage Vee | | | tO 
fee ee 
rr ar 


Vs1 
Vs2 
SVR 
SVR 


| SVR | Ripple Rej. at Ve: f = 300Hz to 10KHz 
| SVR __| Ripple Rej. at Vso f = 300Hz to 10KHz 


Note: 1. The circuit can be supplied either at Vs1 or at Vs2 without the use of the internal voltage regulator. The circuit also ope- 
rates at a supply voltage Vs: lower than 10 V. In this case the ripple rejection of Vs2 Is valid, because the voltage regula- 
tor saturates to about 0 8 V. 
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ELECTRICAL CHARACTERISTICS (continued) 
symboi | Parameter | Test Conditions | Min. | Typ. | Max. | Unit | 


INPUT SELECTORS 


[a [inputresisance —SOC*dDSC“‘CSC;CS;SCS™S™*™~™!~dS~« ee Cd a 
Vina [inputSignal —~=«dw Gye; a wod% | ts | 22 | | VANS 


TetoKe —SSi«dtCo fw | 
Two) [po vetaetwe | SSCSCSC~SCS gs ws | 


VOLUME CONTROLS 


a 
a 
[Ter atonsaion i ae ve 
[Fracking Eror 
SPEAKER ATTENUATORS 


Control Range 


Attenuator Set Error 
Tracking Error 


BASS AND TREBLE CONTROL ?) 


| | ControtRange | et TB 
| | StepResotution | 


AUDIO OUTPUT 


a 
Tvs 06) [0c vonage ter «| SSsS—~—~SSY sd we as 


Note: 2 Bass and Treble response see attached diagram The center frequency and quality of the resonance behaviour can be 
choosen by the external circuitry. A standard first order bass response can be realized by a standard feedback network. 


| Ri__| OutputLoad Resistance | 
| Ro | 
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ELECTRICAL CHARACTERISTICS (continued) 
[Symbol [Parameter | Test Gonaitions | Min. | Typ. | Max. [ Unit 


GENERAL 


Output Noise v =0 dB 
BW = 22 Hz to 22 KHz 


=0 dB Curve A 


Vv 
S/N Signal to Noise Ratio All Gain = 0 dB V, = 1 VRMS 
BW = 22 Hz to 22 KHz 


fd [Distortion Si f= 1 KHZ;Vo=1V; G=0 | | 001 | o1 | % | 
Frequency Response Gy =0 dB High 20 KHz 
(— 1dB) Low 30 Hz 
ane Separation 1 KHz 90 100 dB 
Left/Right e = 10 KHz 70 80 dB 
BUS INPUTS 


o_O etage ne | 
| Vin Input High | Input High Voltage es ae SS es 


Output Voltage SDA l= 1.6mA 
Acknowledge 


Figure 1 : Test Circuit. 


DIG.GND 


| R3 | C2e C21 | C22 


C1 -C9 -«2.2uF 
Ci3-C16=2.2uF 


1SnF 15nF C17?-C26+16@nF 
Ri. R4 = 5.6K 


R2. R39 = S1K 
8ETOA/IGE-S1 
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APPLICATION INFORMATION 
Figure 2 : P. C. Board and Component Layout of the Circuit in Fig. 11 (1 : 1 scale). 
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Figure 3 : Total Output Noise 
vs. Volume Setting. 


Figure 4 : Signal to Noise Ratio 
vs. Volume Setting. 
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Figure 7 : Distortion vs. Load 
Resistance. 


Figure 6 : Distortion vs. 
Output Voltage. 
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Figure 9 : Channel Separation 
(L1 — L2) vs. Fre- 
quency. 


Figure 10 : Supply Voltage Re- 
jection (Vs1) vs Fre- 
quency. 
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Figure 5 : Distortion + Noise 
vs. Frequency. 
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Figure 8 : Channel Separ- 
ation (L1 — R1) vs. 
Frequency. 


G-6766 


eee 
ml 
ee 


\! 
N | 
A | 
IN | 

ill 


Figure 11 : Supply Voltage 
Rejection (Vse) 
vs. Frequency. 
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vs. Supply walled: 


Figure 14 : Clipping Level (Vms) 


jection Versus Vso. 


Figure 13 : Supply Voltage Re- 


jection Versus Vsi. 


Figure 12 : Supply Voltage Re- 
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Figure 17 : Typical Tone Response. 
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Figure 18 : Complete Car-radio System Using Digital Controlled Audio Processor. 
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SERIAL BUS INTERFACE Figure 19 : Timing Diagram of S-BUS 


S-BUS Interface and I2C BUS Compatibility. eee 
Data transmission from microprocessor to the 
TDA7300 and viceversa takes place thru the 
3-wire S-BUS interface, consisting of the three 
lines SDA, SCL, SEN. If SDA and SEN inputs 
are shortcircuited together, then the TDA7300 
appears as a standard I2CBUS slave. 


ite 


In this case the S6040 uP can be programmed to 
generate the two different transmission systems : 
the S-BUS using the three lines of the serial bus, 
and the I2CBUS using the SCL and SDA lines only. 
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Interface Protocol Figure 20 : System with Mixed S-Bus Peripherals. 


The interface protocol comprises : 

. Astart condition (S) 

. Achip address byte, containing the TDA7300 
address and the direction of the transmission 
onthe BUS (this information is given in the 8th 
bit of the byte : "0" means "write", that is from 
the master to the slave, while "1" means 
"read"). The TDA7300 must always acknow- 
ledge at the end of each transmitted byte. 

- Asequence of data (N-bytes + acknowledge) 

. Astop condition (P) 


TDA7300 ADDRESS 
SB first byte LSB 
1 0 0 0 1 0 0 RAW 
| 


ACK = Acknowledge : ete Data Transferred 


S = Start (N-bytes + Acknowledge) 
P = Stop 


SOFTWARE SPECIFICATION 


Chip address (TDA7300 address) 
10001 0 0 0 


MSB LSB 
DATA BYTES Status after Power-on-reset 
Volume 
0 0 Volume Control Speaker — 
1 1 Speaker ATT LR UGIOROICE 
1 1 Speaker ATT RR Bass 
1 0 Speaker ATT LF HVebIG 
1 #O Speaker ATT RF Note : Using S6 is it necessary an external EPROM (M2716 
0 1 Audio Switch F6X) previously programmed. Further information is 
0 { Bass Control available in S6 uP datasheet. 
0 1 Treble Control 
X = don’t care. Bx = 10 dB steps. 
Ax = 2 GB steps. Cx = 2.5 GB steps. 
Ky SGS-THOMson 
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DATA BYTES (detailed description) 


Volume 


Volume 2dB Steps 
0 

-2 

—4 

-6 

-8 

Not Allowed 

Not Allowed 

Not Allowed 


A2 
0 
0 
0 
0 
1 
1 
1 
1 


=~=3A0c0-=0oco0? 
=o-o0-0-08 


-|—| + Oo = OO 


For example if you want setting the volume at -32 dB the 8 bit string is:00100001. 


Speaker Attenuators 


Speaker LF 
Speaker RF 
Speaker LR 
Speaker RR 


0 
-2 
-—4 
-—6 
-—8 
Not Allowed 
Not Allowed 
Not Allowed 


0 
0 
0 
0 
1 
1 
’ 
1 


— = OO +" =" O O 
-—-o-'o0o0--( 0+ 0 


For example attenuation of 24 dB on speaker PF is giving by: 10110010 
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Audio Switch - Select the input channel to activate 


Audio Switch 


Stereo 1 
Stereo 2 
Stereo 3 
Stereo 4 
Mono 

Not Allowed 
Not Allowed 
Not Allowed 


<x KK KK KK OX 
x KK KK OK OK OK x< 
aca Oo OO Oo 
=A 00-00 
=OoO-0-0-0 


X = don't care. 
For example to set the stereo 2 channel the 8 bit string may be °01000001 


Bass and Treble - Control range of + 15dB (boost and cut) steps of 2.5dB 


ae = Ci Co Bass 
C1 CO Treable 


[20000000 
ee ao oe ome 
== 00-00 
Re ow eae os Br oe oe 


1 
, 
1 
1 
1 
1 
1 
1 


ooo0oo- — — 
oo-+00--4 
o=}-0 -_-0- 0 + 


C3 = sign 
For example Bass at -12.5 dB is obtained by the following 8 bit string:01100010. 
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DIGITAL CONTROLLED STEREO AUDIO PROCESSOR 


PRELIMINARY DATA 


x INPUT AND OUTPUT PINS FOR EXTERNAL 
EQUALIZER 

» THREE STEREOINPUT SOURCE SELECTION 
PLUS MONO INPUT 

» TREBLE, BASS, VOLUME AND BALANCE 
CONTROL 

a FOUR INDEPENDENT SPEAKER CONTROL 
(front/rear) 

=» SINCE SUPPLY OPERATION 

=» ALL FUNCTIONS PROGRAMMABLE VIA SER- 
IAL BUS 

a» VERY LOW NOISE AND VERY LOW DISTOR- 
TION 

a POP FREE SWITCHING 


DESCRIPTION 


The TDA7302 is a volume, tone (bass and treble) 
and fader (front/rear) processor for high quality 
audio applications in car radio and Hi-Fi systems. 


Control is accomplished by serial bus microproces- 
sor interface. 


BLOCK DIAGRAM 


cs 
INPUTS 


nOND 


rR) ] 
INPUTS 


May 1989 


(Plastic) 


ORDER CODE : TDA7302 


The AC signal setting is obtained by resistor net- 
works and analog switches combined with oper- 
ational amplifiers. 


The results are : low noise, low distortion and high 
dynamic range. 


SPEAKER 
ATTEN. 


OIG.GND 
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ABSOLUTE MAXIMUM RATINGS 


Symbol| Parameter | Value nit 
Total Power Dissipation (Tamb = 25°C) 


PIN CONNECTION (top view) 


+Vs 

GND 

TREBLE (L) 
TONE [ (A) 
IN (RA) 

OUT (R) 


R3 

RIGHT 
R2 

INPUTS 


LEFT 
INPUTS 


SCL 
BUS 
SEN | 
INPUTS 
SDA 

DIG.GND 

OUT (LF) FRONT 
OUT (RF) OUT 
OUT (LA) REAR 
OUT (RA) OUT 

B OUT (AR) 

B IN (A) BASS 

B OUT (L) TONE 

B IN(L) 

OUT (L) ie 
IN (L) INPUTS 


i 
2 
3 
4 
5 
6 
7 
8 
9 


> +h hh ote 
& W ) =» © 


THERMAL DATA 


Thermal Resistance Junction-pins Max. 


ELECTRICAL CHARACTERISTICS (Tamp = 25°C ; Vs = 10V ; Ry = 10kQ ; and R, = 6000 ; 
f =1kHz unless otherwise specified) 


[Symbot] Parameter | __Test Conditions | Min. [ Typ. [ wax. | Uni | 


SUPPLY 


fades 


Supply Voltage 


INPUT SELECTORS 


a 
alae Sea CS 

a 
Fv.(00) [input oc votage | SSC=<“~*~*~“‘~*~*~*~*~*~*~— RS 
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ELECTRICAL CHARACTERISTICS (continued) 


[Symbol] Parameter | Test Conditions | Min. [ Typ. [ wax. | Unit 


VOLUME CONTROLS 


ie 

Sex | MaxGain | Sto 
[| Waxatiensaion ———OipSC“~*~s*s~‘“‘*S*ésr CS ww | 
[Tstep Resouion SO Ci 
[TY tackingerer POSS Pe 


SPEAKER ATTENUATORS 


0 
a OS 
[[attenuatorset enor SSCS—C—SCSSS 
pPrrecking enor dP SSS 


BASS AND TREBLE CONTROL “) 


[Téonrorrenge SSS Cid 
[Tstep Resoiuion iP SSSOS™S—~—SSSSTid as Ps 


AUDIO OUTPUT 


[Ve [ Ouputvotage =i awe SOSCSC~S~S Yi 
a 
Tc. [Output Load Capacitance [SSS 
[Re [Output Resistance =| SSC~“‘“s*s~‘“~‘“~*~s*~é~rSSC*~i aw | 
Ve (06) [BC Votagetevel +f SSs—=“CS~s—“—sSS*S*S*S*S*S*—~—~S~—~—Cs ge Pts PV 


GENERAL 


eno | Output Noise G=0dB | | 6 | 
BW = 22Hz to 22kHz 
G,=008 Curve A ee oe ae 
S/N Signal to Noise Ratio All Gain = 0dB 
Vo =1Vrms BW = 22Hz to 22kHz 105 


Pd [Distortion ———SS~*~id wt GO] for | or | 
Frequency Response Gy = 0dB High 20 kHz 
(— 1dB) Low 20 Hz 
Sc Channel Separation f= 1kHz 100 dB 
Left/Right = 10kHz 82 dB 


Note: (1) Bass and Treble response see attached diagram. The center frequency and quality of the resonance behaviour can be choosen by 
the external circuitry. A standard first order bass response can be realized by a standard feedback network. 
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ELECTRICAL CHARACTERISTICS (continued) 


[symbor] Parameter [Test Conditions [Win | Typ. [ Wax. [Unit 


BUS INPUTS 


[input tow Volage SiC 
input HIGH Votage iP SCSC~—~—“—~s~“~s~*~‘—~—s~é‘i 


Acknowledge 
| | Digital input Current 


Figure 1 : Test Circuit. 
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Figure 2 : Total Output Noise 


vs. Volume Setting. 
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Figure 5 : Distortion vs. Out- 
put Voltage. 
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Figure 8 : Channel Separation 
(L1 —L2) vs. Fre- 
quency. 
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Figure 3 : Signal to Noise Ratio 
vs. Volume Setting. 
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Figure 6 : Distortion vs. Load 
Resistance. 
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Figure 9 : Supply Voltage Re- 
jection vs. Frequen- 
cy. 
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Figure 4 : Distortion + Noise vs. 


Frequency. 
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Figure 7 : Channel Separation 
(L1 — R1) vs. Fre- 
quency. 
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Figure 10 : Quiescent Current 
vs. Temperature. 
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APPLICATION INFORMATION 
VOLUME CONTROL CONCEPT 


Traditional electronic volume control circuits use a 
multiplier technique with all the disadvantages of 
high noise and distortion. 


The used concept, as shown in fig. 11 with digital 
switched resistor dividers, provides extremely low 
noise and distortion. The multiplexing of the resis- 
tive dividers is realized with a multiple-input oper- 
ational amplifier. 


BASS AND TREBLE CONTROL 
The principle operation of the bass control is shown 


Figure 11 : Volume Control. 


644 


in fig. 12. The external filter together with the inter- 
nal buffer allows a flexible filter design according to 
the different requirements in car radios. The func- 
tion of the treble is similar to the bass. 


A typical filter curve is shown in fig 13. 


OUTPUTS 


A special class-A output amplifier with a modulated 
sink current provides low distortion and ground com- 
patibility with low current consumption. 


Figure 12 : Bass Control. 
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Figure 14 : Complete Car-radio System Using Digital Controlled Audio Processor. 
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SERIAL BUS INTERFACE circuited together, then the TDA7302 appears as a 
S-BUS Interface and I2C BUS Compatibility. standard l2 CBUS slave. 

Data transmission from microprocessor to the In this case the S6040 P can be programmed to 
TDA7302 and viceversa takes place thru the 3- generate the two different transmission systems : 
wire S-BUS interface, consisting of the three lines the S-BUS using the three lines of the serial bus, 


SDA, SCL, SEN. If SDA ane SEN inputs are short- and the I2CBUS using the SCL and SDA lines only. 


Figure 15 : Timing Diagram of S-BUS and |? CBUS. 
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Interface protocol. 
The interface protocol comprises: 
. Astart conditions (S) 
. Achip address byte, containing the TDA7302 
address and the direction of the transmission 
onthe BUS (this information is given inthe 8th 


bit of the byte : "0" means "write", that is from 
the maste r to the slave, while "1" means 
"read"). The TDA7302 must always acknow- 
ledge at the end of each transmitted byte. 
. Asequence of data (N-bytes + acknowledge) 
- Astop condition (P) 


Figure 16 : System with Mixed S-Bus Peripherals. 


TDA7302 ADDRESS 


[ 


1 = READ 


ACK = Acknowledge 0 = WRITE 


S = Start 
P = Stop 


SOFTWARE SPECIFICATION 


Chip Address (TDA7302 address) 
10001000 
MSB LSB 


DATA BYTES 


Volume Control 
Speaker ATT LR 
Speaker ATT RR 


Speaker ATT LF 
Speaker ATT RF 


Data Transferred 
(N-bytes + Acknowledge) 


STATUS AFTER POWER-ON-RESET 


Volume 
Speaker 


Audio Switch 
Bass 
Treble 


Note : Using S6 is it necessary an external EPROM (M2716 F6X) 


Audio Switch previously programmed. Further information is available in 
Bus Control S6 uP datasheet. 
Treble Control 
X = don't care Bx = 10 dB steps 
Ax = 2 cB steps Cx = 2.5 dB steps 
oe sGs-THOMSON 
/ I MICROELECTRONICS 
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DATA BYTES (detailed description) 


-8 
Not Allowed 
Not Allowed 


Not Allowed 


1 es OS: O'S 
=--+-00-=-00 
“O-0-0--0 


For example if you want setting the volume at — 32 cB the 8 bit stringis:00100001. 


Speaker Attenuators 


Speaker LF 
Speaker RF 
Speaker LR 
Speaker RR 


0 
-2 
-—4 
-—6 
—8 
Not Allowed 
Not Allowed 
Not Allowed 


0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 


For example attenuation of 24 dB on speaker RF is giving by: 10110010 
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Audio Switch - Select the Input Channel to Activate 


Audio Switch 


x< 
x< 


Stereo 1 
Stereo 2 
Stereo 3 
Mute Input 
Mono 

Not Allowed 
Not Allowed 
Not Allowed 


<x KKK KK XK OX 
MK KKK KK OX 
|=-2423480000 
-=300--00 
-O+0-0--0 


X = don't care. 
For example to set the stereo 2 channel the 8 bit string may be.01000001 


Bass and Treble - Control Range of + 15 dB (boost and cut) Steps of 2.5 dB 


0 C3 C2 Ci Cd Bass 
1 C3 c2 Ci Cd Treble 


20000000 
—“=-3 Anu O000 
==3 00-3400 
=-O-0-0-0 


oo-r-a0o0e0— — 
o-oo +020 4 


1 1 
1 1 
1 1 
1 1 
1 0 
1 0 
1 0 
1 0 


C3 = Sign 
For example, Bass at — 12.5 dB is obtained by the following 8 bit string:01100010. 
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AM/FM RADIO 


a VERY WIDE RANGE OF SUPPLY VOLTAGE 
3TO16V 

» HIGH RECOVERED AUDIO SIGNAL 

» DESIGNED FOR USE WITH EXTERNAL RATIO 
DETECTOR OR INTERNAL QUADRATURE 
DETECTOR 

» VERY GOOD AM SIGNAL HANDLING (1V; 
m = 0.8) 

» VERY SIMPLE DC SWITCHING OF AM-FM 
SECTIONS 

a SUITABLE FOR CAPACITANCE, VARICAP 
AND INDUCTIVE TUNING 

a VERY LOW TWEET 

=» COMMON (AM-FM) 
METER OUTPUT PIN 


FIELD STRENGTH 


DESCRIPTION 


The TDA 2220A is a high performance AM/FM radio 
IC designed for use in a wide range of car radio, 
portable radio and home radio applications, opera- 
ting on a supply voltage from 3 to 16 V. A special 


PIN CONNECTION (top view) 


LOCAL ik 
OSCILLATOR 


OSCILLATOR 
TIME 

CONSTANT 

AM INPUT 


MIXER OUT 


AMPLIFIER 
AGC (BYPASS) 


AM IF 


May 1989 


ORDER CODE : TDA2220A 


feature of this device is that it may be used with an 
internal quadrature detector or an external ratio de- 
tector. The TDA 2220A is supplied in a 20 pin plas- 
tic DIP package. 


IF FM INPUT 
if FM BYPASS 
If FM BYPASS 
METER OUTPUT 

LIMITER OUTPUT 
LIMITER OUTPUT 
FM QUADRATURE 


DETECTOR 


GND 
AUDIO PREAMP 


INPUT 
(RATIO DETECTOR) 
1t]] SUPPLY VOLTAGE 


1/8 


649 


TDA2220A 


BLOCK DIAGRAM 


QUADRATURE Fs A 
LIMITER DETECTOR 
LEVEL METER 
DETECTOR DRIVER 


AM-OSC 
WITH 
ALC AGC DET 
AND 
AMPLIFIER 


AUDIO 
= PREAMP 
DOUBLE 
BALANCED 
ie 4 MIXER | 


AM-IF 
AND 
DETECTOR 


ABSOLUTE MAXIMUM RATINGS 


V.__| Supply Voltage 
Ptot | Total Power Dissipation at Tams < 70 °C 


Top Operating Temperature — 20 to 70 
Tstg—I, | Storage and Junction Temperature — 55 to 150 


THERMAL DATA 


Thermal Resistance Junction Ambient Max ‘100 
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ELECTRICAL CHARACTERISTICS (refer to the test circuits, Tamp = 25 °C, V, = 9 V, unless 
otherwise specified) 


Symbol| Parameter | Test Conditions | Win. | Typ. | Max. | Unit_ 
<a 


Current Drain AM Section 
FM Section 


AM es (fp = 1 MHz ;f,_ = 1 KHz) 


Input Sensitivity S/N = 26 dB m=0.3 i> 4 


S + i Signal to Noise Ratio V,=10 mV m =0.3 45 ey | 


AGC Range AVout = 10 dB m = 0.8 
Recovered Audio Signal (pin 10) V,=1mV m=0.3 
sees DO 


Vi=t mv m = 08 
Max Input Signal Handling m=0.8 d<10% 
Capability 
Input Resistance between Pins 3 = 7.5 KQ 
and 5 
Input Capacitance between Pins 3 = 
and 5 


SS ee ts a ttt 
Css |e 


a 
Mesuv Tf 200 | mv 


FM SECTION (f, = 10.7 MHz : fm = 1 KHz) (RATIO DETECTOR) 
i Pets sino aan | aesasee a= Pw] PO 


AMR_ | Amplitude Modulation Rejection Af =+ 22.5 KHz 50 
V; = 3 mV 
Signal to Noise Ratio Af =+ 22.5 KHz =10 mV cper te 


i ee ae ee 
Recovered Audio Signal (pin 10) = + 22.5 KHz v =1mvV | 90 | 130 | 170 | mv | 


Input Resistance between Pin 20 Af = 6.5 KQ 
and Ground 
Input Capacitance between Pin 20 | Af = 14 pF 
and Ground 


PS — 45 | 7 | 95 | ka 


Meter Output Af =+ 22.5 KHz on =3 mV Pat ta we 
pC tony | | oe | 


) Meter resistance = 1.3 KQ. 
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ELECTRICAL CHARACTERISTICS (continued) 


symbol] Parameter =| Ss Test Conditions ——_—_—|_Min. | Typ. | Max. | Unit | 

FM <= ae = 10.7 MHz ; f, = 1 KHz) (QUADRATURE DETECTOR) 

[ar [room [gramme we [fe fw 
= 10 mV 


Signal to Noise Ratio aa + 22.5 KHz V,=10 mV pat pp 


et aaa Af=+75KHz  Vi=imv | | o7 | 15 | % | 
Af=4225KHz  Vietmv | |o25 | | % 
pd % 


p- | Dalton toute ued ee ee 
aul Audio aa pn 10) Af = + 22.5 KHz Vi =1mvV [eo [00 | 990 [av 


Input Capacitance between Pin 20 | Af = 
and Ground 


—— Output Resistance (pin 10) 


Meter Output Af = + 22.5 KHz V,=3 mV 
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APPLICATION INFORMATION 
Li - 455 kHz IF COIL 


g [a] FaRRE Tso a 
a EL eee tem 
OC [ase Ce Dar Dre Dae 


L2 - AM DETECTOR COIL 


Co(pF) + | Qe | TURNS 
‘© 


(Khe 
L3 -AM OSCILLATOR COIL 


TOKO AM2 - 10 x 10 mm. 
RCL - 4 A7524EK 


to | 455 | 70 | 173 | 94 | 9 


TOKO - 10 x 10 mm. 
RWO - 6 A6574N 


Ta. [Turns 
cae eee ae ea oe 


TOKO - 10 x 10 mm. 
KACS - K 586 HM 


f [Qo 
a ES 
SUMIDA 
DFM 
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‘anjea 10}SISe1 ay) BuiGueUd paljipow aq UeD epnydwe yndjno oipne ayy (,) 


Caen22 nF 22nF 


SUMIDA DFM 


AAS 2.2, KD 


TOKO RWO 6A 6574A 


> | ounbi4 


10]09}9q OEY W3 UM JINDID SOL 


Vocecvdl 


SS9 


NOSWOHL-S9S thy 


SOINOULIFTIOUSIN 


B/Z 


TOKO KACS 
KS86 HM 


"10}0919q SINyespeNd JJ UNM IINdIID 189] : Z eanBi4 
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VOLTAGE 


REGULATOR AUDIO 
AMPLIFIERS 


: ot 


Z4HCT373 + 2xTDAZ356 
MICROPROCESSOR ST24C82 TAFE BOARD 


PLL E2EROM 
LM183¢ LINE QUT 


LCD DRIVER ° 
$76154/5 REGULATOR ea ToAz 262 I=. 


L49614 
KEYBOARD 
NB9CRI25-B1 
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HIGH PERFORMANCE MOTOR SPEED REGULATOR 


a TACHIMETRIC SPEED REGULATION WITH 

NO NEED FOR AN EXTERNAL SPEED PICK- 

UP 

V/| SUPPLEMENTARY PREREGULATION 

a DIGITAL CONTROL OF DIRECTION AND 

MOTOR STOP 

a SEPARATE SPEED ADJUSTMENT 

» 5.5VTO18 VOPERATING SUPPLY VOLTAGE 

a 1A PEAK OUTPUT CURRENT 

a OUTPUT CLAMP DIODES INCLUDED 

a SHORT CIRCUIT CURRENT PROTECTION 

a THERMAL SHUT DOWN WITH HYSTERESIS 

» DUMP PROTECTION (40 V) POWERDIP 
(16+2+2) 


DESCRIPTION 


TDA7272 is an high performance motor speed con- 
troller for small power DC motors as used in cas- 
sette players. 

Using the motor as a digital tachogenerator itself the 
performance of true tacho controlled systems is 
reached. 


A dual loop control circuit provides long term stability ORDER CODE : TDA7272 
and fast settling behaviour. 


CONNECTION DIAGRAM (top view) 


PWM TRIGGER INPUT [|] SPEED ADJ. (A) 


TIMING RESISTOR R 
FUNC. CONTROL 
ie 


TIMING CAPACITOR L| 
SPEED ADJ. (L) 
GND 


GND 


INVERTING INPUT 
MAIN AMPLIFIER 


IN V/I Loop L] OUT MAIN AMPLIFIER 


OUT MOTOR (L) OUT MOTOR (RAR) 


COMMON SENSE OUT LI + Vs 


TOA727& : OLS 
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BLOCK DIAGRAM 


SWITCH 


LOGIC 


ABSOLUTE MAXIMUM RATINGS 


Dump Voltage (800 ms) 


Power Dissipation at Tpins = 90 °C 4.3 
at Tamp = 70 °C 


Ss 
Ss 
1 
Operating Junction Temperature — 40 to 150 I 86n I 
Storage Temperature — 40 to 150 


THERMAL DATA 


Rthj-amb | Thermal Resistance Junction-ambient 
Rthj-pins} Thermal Resistance Junction-pins 
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7 MICROELECTRONICS 
658 


TDA7272 


TEST CIRCUIT 


49 20 18 17 


30/V1e] 39 |4/nr 
K K lca 


Ga O-7 a0 


ELECTRICAL CHARACTERISTICS (Tamp = 25 CT ; Vs = 13.5 V unless otherwise specified) 


Symbot [Parameter | Test Conditions | Min. | Typ. | Max. Unit 
TVs | Operating Suppy votage | SSC~<‘ir SS Pt 
[ts [Supply Current S* Noa SS~—SC‘iS te | mk 


OUTPUT STAGE 


SO 
[to | Outout Current Continuous [SSS aso | 
TViesna | Votlage Drop —SSC~d ww SC“‘“‘*~*sSSC*d Pw | 
Vinee | Votage Drop ——SS~d ta ws SSCS*~=~*~—SC‘i( Pk * | 


MAIN AMPLIFIER 


[Fre [input Resisance ——SOC=“‘“‘*~dsSCOSC“‘CSNSNC#‘“‘(N#N;S“S“ WO C“*dSS“‘#S 
| Biss Cornet SiS 
0 
[va | Reference votage | mvematatnon ivering impr [| [20] | v_ 


CURRENT SENSE AMPLIFIER V/I LOOP 


[Re | Input Resistance = | tT | ke 
[| Gi ftoopaain 
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ELECTRICAL CHARACTERISTICS (continued) 


| Symbol | Parameter | Test Conditions | Min. | Typ. | Max. | Unit | 


TRIGGER AND MONOSTABLE STAGE 


Input Resistance 
Trigger Level 


Bias Voltage (pin 1) 
Trigger Histeresis 


Reference Voltage 


SPEED PROGRAMMING, DIRECTION CONTROL LOGIC AND CURRENT SOURCE 


PROGRAMMING 


Input Low Level 
Input High Level 


OPERATING PRINCIPLE 


The TDA7272 novel applied solution is based on a 
tachometer control system without using such extra 
tachometer system. The information of the actual 
motor speed is extracted from the motor itself. A DC 
motor with an odd number of poles generates a 
motor current which contains a fixed number of dis- 
continuities within each rotation. (6 for the 3 pole 
motor example on fig. 1) 


Deriving this inherent speed information from the 
motor current, it can be used as a replacement of a 
low resolution AC tachometer system. Because the 
settling time of the control loop is limited on prin- 


ciple by the resolution in time of the tachometer, this 
control principle offers a poor reaction time for mo- 
tors with a low number of poles. The realized circuit 
is extended by a second feed forward loop in order 
to improve such system by a fast auxiliary control 
path. 


This additional path senses the mean output current 
and varies the output voltage according to the vol- 
tage drop across the inner motor resistance. Apart 
from a current averaging filter, there is no delay in 
such loop and a fast settling behaviour is reached 
in addition to the long term speed motor accuracy. 


Figure 1 : Equivalent of a 3 Pole DC Motor (a) and Typical motor Current Waveform (b). 
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BLOCK DESCRIPTION 


The principle structure of the element is shown in 
fig. 2. AS to be seen, the motor speed information is 
derived from the motor current sense drop across 
the resistors Rs ; capacitor CD together with the 
input impedance of 500 Q at pin 1 realizes a high 
pass filter. 


This pin is internally biased at 20 mV, each nega- 
tive zero transition switches the input comparator. A 
10 mV hysteresis improves the noise immunity. 
The trigger circuit is followed by an internal delay 
time differentiator. 

Thus, the system becomes widely independent of 
the applied waveform at pin 1, the differentiator trig- 
gers a monostable circuit which provides a constant 
current duration. Both, output current magnitude 


and duration T, are adjustable by external elements 
CT and RT. 


Figure 2 : Block Diagram. 


TDA7272 


The monostable is retriggerable ; this function pre- 
vents the system from fault stabilization at higher 
harmonics of the nominal frequency. 


The speed programming current is generated by 
two separate external adjustable current sources. A 
corresponding digital input signal enables each cur- 
rent source for left or right rotation direction. Resis- 
tor RP1 and RP2 define the speed, the logical inputs 
are at pin 18 and 19. 


At the inverting input (pin 14) of the main amplifier 
the reference current is compared with the pulsed 
monostable output current. 


For the correct motor speed, the reference current 
matches the mean value of the pulsed monostable 
current. In this condition the charge of the feedback 
Capacitor becomes constant. 


THERMAL 
PROTEC. 


SWITCH 
LOGIC 


38-9524 
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The speed n of a k pole motor results : 


10,435 
—————— 
Cr K Rp 


and becomes independent of the resistor RT which 
only determines the current level and the duty cycle 
which should be 1 : 1 at the nominal speed for mini- 
mum torque ripple. 


The second fast loop consists of a voltage to current 
converter which is driven at pin 8 by the low pass fil- 
ter RL, CL. The output current at this stage is injected 
by a PNP current mirror into the inner resistor Re. 
So the driving voltage of the output stage consists 
of the integrator output voltage plus the fast loop 
voltage contribution across Re. 


The power output stage realizes different modes de- 
pending on the logic status at pin 18 and 19. 


. normal operation for left and right mode : each 
upper TR of the bridge is used as voltage follower 
whereas the lower acts as a switch. 

. stop mode where the upper half is open and the 
lower is conductive. 

. high impedance status where all power elements 
are switched-off. 


The high impedance status is also generated when 
the supply voltage overcomes the 5 V to 20 V oper- 
ating range or when the chip temperature exceeds 
150 °C. 


A short circuit protection limits the output current at 
1.5 A. Integrated diodes clamp spikes from the in- 
ductive load both at Vcc and ground. 

The reference voltages are derived from a common 
bandgap reference. All blocks are widely supplied 
by an internal 3.5 V regulator which provides a maxi- 


PIN FUNCTION AND APPLICATION INFORMATION 


PIN 1 


Trigger input. Receives a proper voltage which con- 
tains the information of the motor speed. The wave- 
form can be derived directly by the motor current 
(fig. 3). The external resistor generates a proper 
voltage drop. Together with the input resistance at 
pin 1 [Rin(1) = 500 Q] the external capacitor Cp real- 
ize a high pass filter which differentiates the com- 
mutation spikes of the motor current. The trigger 
level is OV. 


The biasing of the pin 1 is 20 mV with a hysteresis 
of 10 mV. So the sensing resistance must be chosen 


Figure 3. 


high enough in order to obtain a negative spike of 
the least 30 mV on pin 1, also with minimum vari- 
ation of motor current : 


30 mV 
Rs > —_ 
Almot min. 


Such value can be too much high for the preregula- 
tion stage V-I and it could be necessary to split them 
into 2 series resistors Rs = Rs: + Rse (see fig. 4) as 
explained on pin 8 section. 


6/15 
eg ee et f SGS-THOMSON 
4 MICROELECTRONICS 


662 


Figure 4. 


TDA7272 


Figure 5. 


PHOTOTRANSISTOR 
TACHO 


The information can be taken also from an external 
tachogenerator. Fig. 5 shows various sources con- 
nections : 


the input signal mustn’t be lower than 0.7 V. 


PIN 2 


Timing resistor. An internal reference voltage 
(V2 = 0.8 V) gives possibility to fix by an external re- 
sistor (Rt), from this pin and ground, the output cur- 
rent amplitude of the monostable circuit, which will 
~ be reflected into the timing capacitor (pin 3) ; the 
typical value would be about 50 u A. 


Figure 6. 


MAGNETIC 
TACHO 


PIN 3 


Timing capacitor. A constant current, determined by 
the pin 2 resistor, flowing into a capacitor between 
pin 3 and ground provides the output pulse width of 
the monostable circuit, the max voltage at pin 3 is 
fixed by an internal threshold : after reaching this 
value the capacitor is rapidly discharged and the 
pulse width is fixed to the value : 


Ton = 2.88 Rt Crt (fig. 6) 
PIN 4 
Not connected. 


PIN 5 
Ground. Connected with pins 6, 15, 16. 


PIN 6 
Ground. Connected with pins 5, 15, 16. 


PIN 7 
Not connected. 


PIN 8 


Input V/I loop. Receives from pin 10, through a low 
pass filter, the voltage with the information of the 
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current flowing into the motor and produces a nega- 
tive resistance output : 


Rout =-9 Rs (fig. 7) 
For compensating the motor resistance and avoid- 
ing instability : 
RMOTOR 
RS <—____- 
9 


The optimization of the resistor Rs for the tachome- 
tric control must not give a voltage too high for the 
V/l stage : one solution can be to divide in two parts, 
as shown in fig. 8, with : 


RM 
Rso = and Rs: + Rse = 
10 
30 mV 
> (see pin 1 sect.) 
Almot min 


The low pass filter RL, CL must be calculated in order 
to reduce the ripple of the motor commutation at 
least 20 dB. Another example of possible pins 10-8 
connections is showed on fig. 9. A choke can be 


Figure 7. 


Figure 9. 


(Ryei6 f) 


used in order to reduce the radiation. 


PIN 9 


Output motor left. The four power transistors are 
realized as darlington structures. The arrangement 
is controlled by the logic status at pins 18 and 19. 


As before explained (see block description), in the 
normal left or right mode one of the lower darlington 
becomes saturated whereas the other remains 
open. The upper half of the bridge operates in the 
linear mode. 


In stop condition both upper bridge darlingtons are 
off and both lower are on. In the high output imped- 
ance state the bridge is switched completely off. 


Connecting the motor between pins 9 and 12 both 
left or right rotation can be obtained. If only one ro- 
tation sense is used the motor can be connected at 
only one output, by using only the upper bridge half. 
Two motors can be connected each at the each out- 
put : in such case they will work alternatively (see 
application section). 


The internal diodes, together with the collector sub- 
strate diodes, protect the output from inductive vol- 
tage spikes during the transition phase (fig. 10) 


Figure 8. 


Figure 10. 
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PIN 10 


Common sense output. From this pin the output cur- 
rent of the bridge configuration (motor current) is fed 
into Rs external resistor in order to generate a 
proper voltage drop. 


The drop is supplied into pin 1 for tachometric con- 
trol and into pin 8 for V/I control (See pin 1 and pin 
8 sections). 

PIN 11 


Supply voltage. 


PIN 12 
Output motor right. (see pin 9 section) 


PIN 13 


Output main amplifier. The voltage on this pin re- 
sults from the tachometric speed contro! and feeds 
the output stage. 


The value of the capacitor Cr (fig. 11), connected 
from pins 13 and 14, must be chosen low enough in 
order to obtain a short reaction time of the tachome- 
tric loop, and high enough in order to reduce the out- 


put ripple. 
Figure 11. 


TDA7272 


A compromise is reached when the ripple voltage 
(peak-to-peak) Vrop is equal to 0.1 Véotor : 


Cr RT 
Cr=2.3 (1 - ) 
VRIp Rp 
Veem + IMOT - Ruot 
with Vaip = ——————_ and 
10 


with duty cycle = 50 %. (see pin 2-3 section) 


In order to compensate the behaviour of the whole 
system regulator-motor-load (considering axis fric- 
tion, load torque, inertias moment of the motor of the 
load. etc.) a RC series network is also connected 
between pins 13 and 14 (fig. 12). The value of Ca 
and Ra must been chosen experimentally as fol- 
lows: 

. increase of 10 % the speed with respect to the 
nominal value by connecting in parallel to Rp a 
resistor with value about 10 time larger. 

. vary the Ra and Ca values in order to obtain at 
pin 13 a voltage signal with short response time 
and without oscillations. Fig. 13 shows the step 
response at pin 13 versus Ra and Ca values. 


Figure 12. 
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PIN 14 


Inverting input of main amplifier. In this pin the cur- 
rent reference programmed at pins 20, 17 is com- 
pared with the current from the monostable (stream 
of rectangular pulses). 
In steady-state condition (constant motor speed) the 
values are equal and the capacitor Cr voltage is 
constant. 
This means for the speed n (min 1) : 
10.435 
n= ———— 
Cr k Rp 
where "k" is the number of collector segments. 
(poles) 
The non inverting input of the main amplifier is inter- 
nally connected to a reference voltage (2.3 V). 


PIN 15 
Ground. 


PIN 16 
Ground. 


PIN 17 


Left speed adjustment. The voltage at this pin is 
fixed to a reference value of 0.8 V. A resistor from 
this pin and ground (fig. 14) fixes the reference cur- 
rent which will be compared with the medium out- 
put current of the monostable in order to fix the 
speed of the motor at the programmed value. The 


Figure 13. 


WITHOUT RA Cy 


Ca SHORTED 


Ra TOO LARGE 


C, SHORTED 


Ry, RIGHT 


correct value of Rp would be : 


10.435 n = motor speed, (min 1) 
Rp 


: CT: k+:n  k=poles number 


The control of speed can be done in different way : 

- speed separately programmed in two senses of 
rotation (fig. 14-15) ; 

. only one speed for the two senses of rotation 
(fig. 16) ; 

. speeds of the two senses a bit different (i.e. for 
compensating different pulley effects) (fig. 17) ; 

. speed programmed with a DC voltage (fig. 18) 
i.e. with DA converter ; 

. fast forward, by putting a resistor. In this case it 
is necessary that also at the higher speed for the 
duty cycle to be significately less than 1 (see 
value of Rt, Ct on pin 2, pin 3 sections). 


Fig. 19 shows the function controlled with a uP. 


PIN 18 


Right function control. The voltages applied to this 
pin and to pin 19 determine the function, as showed 
in the table. 


The typical value of the threshold (L-H) is 1.2 V. 


PIN 19 
Left function control. (see pin 18 sect). 


PIN 20 
Right speed adjustment. (see pin 17 sect). 


Ca SHORTED 


Ra TOO SMALL 


i a St ee 


t 


Ka HIGH! 


Cpa TOD SMALL 


Ra, RIGHT 


Ca RIGHT 
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Figure 14. Figure 15. 


Figure 16. Figure 17. 
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Figure 18. Figure 19. 


Output Function 


| Pints | Pinto 


Pin 12 Pin 9 


LOW LOW 
LOW REG 
REG LOW 
HIGH IMPEDANCE 
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Figure 20 : Typical Application. 


18 19 20 


Figure 21 : Tacho Only Speed Regulation. 
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Figure 22 : One Direction Reg. of One Motor, or Alternatively of Two Motors. 


12 


5,6.10.15,16 


Figure 23 : P.C. Board and Components Layout of the Circuits of Figg. 20, 21, 22. 
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APPLICATION SUGGESTION (fig. 20, 21, 22) — (for a 2000 r.p.m. 3 pole DC motor with 


Purpose If Larger If Smaller powee Mange 
Current sensing Tacho loop do not 
tacho loop. regulate 
Rso Curr. sensing V/I Instability may Motor Regulator ; 
loop. occur. Undercompens. 
Ri ;C_ | 22 kQ-—68nF | Spike filtering. Slow V/I High Output 
Regulator Ripple. 


Ry = 16 Q) 


Response. 


>Cr | 15 kQ—47 nF | Current source 6 kQ 30 kQ 
programming to 
obtain a 50 % duty 
cycle. 


Set of Speed. Low Speed. High Speed. | 0 | | 
Higher Ripple, 10 nF 470 nF 
Faster Response. 

Loop Response regulator 

Time. Response. 


Figure 24 : Speed Regulation Versus Supply Vol- 
tage (Circuit of Fig. 20). 


G-6141/1 

2 OO 

© es sedase Weald 

eee eles 

Toae Sa Ree es 

7 Saco aoe eee 
02 —" 


5 10 15 Vg (V) 
Ue ee G7 SGS-THOMSON 
s/f MICROELECTRONICS 


670 


TDA7272 


Figure 25 : High Current TDA7272 + 2 x L149 Application. 


(6) +12V 
0 22pF 


a 2 2pF 


1 : 5 
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Figure 26 : In Connection with a Presettable Counter and I/O Peripheral the TDA7272 Controls the Speed 
through a D/A Converter. 
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MOTOR SPEED REGULATOR 


ADVANCE DATA 


a» EXCELLENT VERSATILITY IN USE 

» HIGH OUTPUT CURRENT (up to 1.5 A) 

a LOW QUIESCENT CURRENT 

a» LOW REFERENCE VOLTAGE (1.32 V) 

m EXCELLENT PARAMETERS STABILITY VER- 
SUS AMBIENT TEMPERATURE 

a START/STOP FUNCTION (TTL levels) 

=» DUMP PROTECTION 


DESCRIPTION MINIDIP 


The TDA7275A is a linear integrated circuit in mini- Cre 
dip plastic package. It is intended for use as speed 
regulator for DC motors of record players, tape and 
cassette recorders. 


The dump protection make it particularly suitable for 
car radio applications. 


ORDER CODE : TDA7275A 


PIN CONNECTIONS (top view) 


TORQUE RESISTOR || 1 


START/STOP INPUT | 2 


POWER SUPPLY 


MOTOR 
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SCHEMATIC DIAGRAM 


BANDGAP - 
VOLTAGE 


REF ERENCE 


S-9664/1 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

Supply Voltage 

Peak Supply Voltage (for 50 ms) 
Maximum Output Current 


Operating Temperature Range 


Total Power Dissipation Tamb = 70 °C 
Tpins = 70 °C 


THERMAL DATA 


Rthj-amb | Thermal Resistance Junction-ambient 
Rthj-pins| Thermal Resistance Junction-pins 
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ELECTRICAL CHARACTERISTICS (Tamp = 25 °C, V, = 12 V unless otherwise specified, refer to test 
circuit) 


[Symbot | Parameter | Test Conditions | win. | Typ. | Max. | Unit” 
[ve | Suppy Votage Range SsC—“‘“~*S~* Ct 
[i tla | Total Quiescent current | weorma «die | 
ie [avesson curt fn soma Fa 


Starting Motor Current AVret 
=— 50% 
Vref 


ve Saturation Voltage Im=0.5A 
Reflection Coefficient IM =O.1A 
ty =0.1A 


ra 
K =8Vto16V 


—_ 
NI 
NO 
= 


ee 
on 


IM=O0.1A 


AVret/AVs | tine Regulation Vs=8Vto 16V 
Viet Im = 0.1A 

eee Load Regulation Im =25 to 200 mA 
ref 


ANAT Temperature Coefficient IM=0.1A 
Veet Top — i 30 to 85 °C 
Motor "Stop" (acc. following 
data or grounded) 


Motor "Stop" Vo=1V 


Vo Motor "Run" (acc. following 
data or open) 


Motor *Run’ Ven45V 


| 
oO 
—_ 
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Figure 1: Test Circuit. 


S-9666/1 


Figure 2 : Application Circuit. 


S - 9667/1 


—Rttyp = Ktyp Rotyp. if Rt > Kmin Rémin instability may accur. 
— A diode across the motor could be necessary with certain kind of motor. 
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Figure 3 : Quiescent Current vs. Figure 4 : Speed Variation vs. 
Supply voltage. Supply Voltage. 
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LED DISPLAY DRIVERS 


@ M5450 34 OUTPUTS/15mA SINK silicon gate technology. They are available in 
@ M5451 35 OUTPUTS/15mA SINK 40-pin dual in-line plastic packages. 
A single pin controls the LED display brightness 
@ 
ee ee Sales (NO by setting a reference current through a variable 
resistor connected to Vpp or to a separate sup- 
@® CONTINUOUS BRIGHTNESS CONTROL ply of 13.2V maximum. 
@® SERIAL DATA INPUT The M5450 and M5451 are pin-to-pin replace- 
® ENABLE (ON M5450) ments of the NS MM 5450 and MM 5451. 
@ WIDE SUPPLY VOLTAGE OPERATION 
@ TTL COMPATIBILITY 


Application examples: 

@ MICROPROCESSOR DISPLAYS =a 

@ INDUSTRIAL CONTROL INDICATOR aii Y DIP-40 Plastic 

@ RELAY DRIVER 

@ INSTRUMENTATION READOUTS 
ORDERING NUMBERS: M5450 B7 


The M5450 and M5451 are monolithic MOS M5451 B7 
integrated circuits produced with an N-channel 


ABSOLUTE MAXIMUM RATINGS 


Vop Supply voltage -0.3to 15 V 
V; Input voltage -0.3 to 15 V 
Vo (off) Off state output voltage 15 V 
lo Output sink current 40 mA 
Prot Total package power dissipation at 25°C 1W 

at85°C 560 mW 
T, Junction temperature 150 a 
Tes Operating temperature range -25to 85 °C 
T stg Storage temperature range -65 to 150 °C 


Stresses above those listed under ‘‘Absolute Maximum Ratings’’ may causes permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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CONNECTION DIAGRAMS 


OUTPUT BIT 17 
OUTPUT BIT 16[ 
OUTPUT BIT 15 UJ 
OUTPUT BIT 141 
OUTPUT BIT 131 
OUTPUT BIT 12 
OUTPUT BIT 11 L 
OUTPUT BIT 10 J 
OUTPUT BIT 9 
OUTPUT BIT 8 
OUTPUT BIT 7 
OUTPUT BIT 6 
OUTPUT BIT 5 
OUTPUT BIT 4 
OUTPUT BIT 3 
OUTPUT BIT 2 


OUTPUT BIT 1 


BRIGHTNESS 
CONTROL 


Yop 


wonnnauuwn k® Wn = 


40f) OUTPUT BIT 18 


391] OUTPUT BIT 19 
38f] OUTPUT BIT 20 
37] OUTPUT BIT 21 
36f) OUTPUT BIT 22 
35{} OUTPUT BIT 23 
341] OUTPUT BIT24 
331] OUTPUT BIT 25 
32} OUTPUT BIT 26 
31{] OUTPUT BIT 27 
30]] OUTPUT BIT 28 
29 OUTPUT BIT 29 
281] OUTPUT BIT 30 
27) OUTPUT BIT 31 
260 OUTPUT BIT 32 
25] OUTPUT BIT 33 
24 OUTPUT BIT 34 
DATA ENABLE 
DATA IN 
CLOCK IN 
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BLOCK DIAGRAM 
Fig. 1 


BRIGHTNESS 
CONTROL 


DATA ENABLE (M5450) 
OUTPUT 35 (M5451) 


SERIAL 


DATA 


CLOCK 
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35 LATCHES 


4Of) OUTPUT BIT 18 
39]] OUTPUT BIT 19 
381) OUTPUT BIT 20 
371] OUTPUT BIT 21 
36f) OUTPUT BIT 22 
3S OUTPUT BIT 23 
34 OUTPUT BIT24 
33) OUTPUT BIT 25 


Yss 
OUTPUT BIT 17[ 


OUTPUT BIT 151 
OUTPUT BIT 141 
OUTPUT BIT 13] 
OUTPUT BIT 12 
OUTPUT BIT 11 


oon nm F WAR — 


OUTPUT BIT 10 321] OUTPUT BIT 26 
OUTPUT BIT 9 31] OUTPUT BIT 27 
OUTPUT BIT 8 30{) OUTPUT BIT 28 
OUTPUT BIT 7 29} OUTPUT BIT 29 
OUTPUT BIT 6 281) OUTPUT BIT 30 
OUTPUT BIT 5 277 OUTPUT BIT 31 
OUTPUT BIT 4 261} OUTPUT BIT 32 
OUTPUT BIT 3 250 OUTPUT BIT 33 
OUTPUT BIT 2 24H OUTPUT BIT 34 
OUTPUT BIT 1 23) OUTPUT BIT 35 
ees — 
Yop CLOCK IN 
$-5796 
OUTPUT BIT34 OUTPUT BIT1 


M5450-M9491 


STATIC ELECTRICAL CHARACTERISTICS (T,,,, within operating range, Vp>p= 4.75V to 
13.2V, Vcoco= OV, unless otherwise specified) 


Veo Supply Vottpe Voltage 


Input Voltage 
Logical ‘‘0” Level 
Logical '’1’’ Level 


+ 10 vA input bias 
4.75 < Vpp < 5.25 
Vpop > 9.25 


Brightness Input Current 
(note 2) 


Brightness Input Voltage 
(pin 19) 


Out. Sink Current (note 3) 
Segment OFF 
Segment ON 


VB Input current = 750 pA 


Vo=3V 

Vo = 1V (note 4) 
Brightness In. =OywA 
Brightness In, = 100 pA 
Brightness In. = 750 pA 


Notes: 1. Output matching is calculated as the percent variation from Imax + IMin/2. 


2. With a fixed resistor on the brightness input some variation in brightness will occur from one device to 
another. 


3. Absolute maximum for each output should be limited to 40 mA. 
4, The Vo voltage should be regulated by the user. See figures 5 and 6 for allowable Vo versus IG operation. 


FUNCTIONAL DESCRIPTION 


Both the M5450 and the M5451 are specifically designed to operate 4 or 5-digit alphanumeric displays 
with minimal interface with the display and the data source. Serial data transfer from the data source to 
the display driver is accomplished with 2 signals, serial data and clock. Using a format of a leading ‘’1” 
followed by the 35 data bits allows data transfer without an additional load signal. The 35 data bits are 
latched after the 36th bit is complete, thus providing non-multiplexed, direct drive to the display. 
Outputs change only if the serial data bits differ from the previous time. 

Display brightness is determined by control of the output current LED displays. 

A 1nF capacitor should be connected to brightness control, pin 19, to prevent possible oscillations. 


A block diagram is shown in figure 1. For the M5450 a DATA ENABLE is used instead of the 35th 
output. The DATA ENABLE input is a metal option for the M5450. 
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M5450-M5451 


FUNCTIONAL DESCRIPTION (continued) 


The output current is typically 20 times greater than the current into pin 19, which is set by an external 
variable resistor. There is an internal limiting resistor of 400Q2 nominal value. 


Figure 2 shows the input data format. A start bit of logical ‘’1’’ precedes the 35 bits of data. At the 36th 
clock a LOAD signal is generated synchronously with the high state of the clock, which loads the 35 bits 
of the shift registers into the latches. 

At the low state of the clock a RESET signal is generated which clears all the shift registers for the next 
set of data. The shift registers are static master-slave configurations. There is no clear for the master 
portion of the first shift register, thus allowing continuous operation. 


There must be a complete set of 36 clocks or the shift registers will not clear. 


When power is first applied to the chip an internal power ON reset signal is generated which resets all 
registers and all latches. The START bit and the first clock return the chip to its normal operation. 


Bit 1 is the first bit following the start bit and it will appear on pin 18. A logical “1” at the input will 
turn on the appropriate LED. 

Figure 3 shows the timing relationship between Data, Clock and DATA ENABLE. 

A max clock frequency of 0.5 MHz is assumed. 


For applications where a lesser number of outputs are used, it is possible to either increase the current 
per output or operate the part at higher than 1V Voyrt. 
The following equation can be used for calculations. 


T) = [ (Vout) (ILep) (No. of segments) + (Vpp * 7 MA) ] (124 °C/W) + Tamp 


where: 


T; = junction temperature (150°C max) 
Vout= the voltage at the LED driver outputs 
lLep= the LED current 

124°C/W = thermal coefficient of the package 
Tamb= ambient temperature 


The above equation was used to plot figure 4, 5 and 6. 


Fig. 2 - Input Data Format 
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Fig. 3 


CLOCK 


DATA 
300ns MIN 
DATA ENABLE 


100ns MIN 
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RSs 


SS 


0 4 8 2 16 20 24 IED (ma) 


TYPICAL APPLICATIONS 


Basic electronically tuned Radio or TV system 


LED DISPLAY 


DISPLAY 
DRIVER 


ELECTRONIC PLL 
CONTROLLER SYNTHESIZER 


STATION 
DETECT. ETC. 


ITA hae eat 
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M5450 -M5451 
TYPICAL APPLICATIONS (continued) 


Duplexing 8 Digits with One M5450 
Yop Yop 


18 2122 19 


CLOCK IN 
DATA IN 


BRIGHTNESS 
CONTROL 


POWER DISSIPATION OF THE IC 


The power dissipation of the IC can be limited using different configurations. 


a) eke 
6/7 a 
= = ITA shea elites 


684 


M5450- M5451 


In this application R must be chosen taking into account the worst operating conditions. 
R is determined by the maximum number of segments activated 


p— —Yc-Vo max -Vo min 
N max * lb 


The worst case condition for the device is when roughly half of the maximum number of segments 
are activated. 


It must be checked that the total power dissipation does not exceed the absolute maximum ratings 
of the device. 


In critical cases more resistors can be used in conjunction with groups of segments. 
In this case the current variation in the single resistor is reduced and P;,; limited. 


b) 


$-5788 


In this configuration the drop on the serial connected diodes is quite stable if the diodes are properly 
chosen. 


The total power dissipation of the IC depends, in a first approximation, only on the number of 
segments activated. 


c) 


$~5789 


In this configuration Voy7 + Vp is constant. The total power dissipation of the IC depends only on 
the number of segments activated. 
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LED DISPLAY DRIVER 


® 3!/, DIGIT LED DRIVER (23 SEGMENTS) technology. It utilizes the M5451 die packaged in 
® CURRENT GENERATOR OUTPUTS (NO =. 28-Pin plastic package making it ideal for a 
3% digit dispaly. A single pin controls the LED 
RESISTORS REQUIRED) ; : 
dispaly brightness by setting a reference current 
® CONTINUOUS BRIGHTNESS CONTROL through a variable resistor connected either to 
® SERIAL DATA INPUT Vpp or to a separate supply of 13.2V maximum. 
The M5480 is a pin-to-pin replacement of the 
@ NO LOAD SIGNAL REQUIRED NS MM 5480. 
@® WIDE SUPPLY VOLTAGE OPERATION 
@ TTL COMPATIBILITY 


Applications examples: 
MICROPROCESSOR DISPLAYS 

® INDUSTRIAL CONTROL INDICATION 

® RELAY DRIVER Ve DIP-28 Plastic 
® INSTRUMENTATION READOUTS 


The M5480 is a monolithic MOS integrated ORDERING NUMBER: M5480 B7 
circuit produced with a N-channel silicon gate 


ABSOLUTE MAXIMUM RATINGS 


Supply voltage -0.3to 15 V 

V; Input voltage -0.3to 15 V 

V0 (off) Off state output voltage 15 V 

lo Output sink current 40 mA 

Prot Total package power dissipation at 25°C 940 mW 

at 85°C 490 mW 

Tj Junction temperature 150 °C 

Tép Operating temperature range -25to 85 °C 
T stg Storage temperature range -65 to 150 


Stresses above those listed under ‘‘Absolute Maximum Ratings’’ may causes permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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CONNECTION DIAGRAM 


BLOCK DIAGRAM 


Fig. 1 
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‘gs 28[JouTPUT BIT 12 
OUTPUT BIT 11 [] 2 27|} OUTPUT BIT 13 
OUTPUT BIT 10 |] 3 261} OUTPUT BIT 14 
OUTPUT BIT 9 25{] OUTPUT BIT 15 
OUTPUT BIT 8 24{] OUTPUT BIT 16 
OUTPUT BIT 7 23]} OUTPUT BIT 17 
OUTPUT BIT 6 22{] OUTPUT BIT 18 
OUTPUT BIT 5 2\|} OUTPUT BIT 19 
OUTPUT BIT 4 20{] OUTPUT BIT 20 
OUTPUT BIT 3 1S{}OUTPUT BIT 21 
OUTPUT BIT 2 18|JOUTPUT BIT 22 
OUTPUT BIT 1 17 |JOUTPUT BIT 23 
ee OATA IN 
Yoo CLOCK IN 
S-5782 : 
Vop OUTPUT BIT 23 OUTPUT BIT1 


BRIGHTNESS 
CONTROL 


ir ar areas | 35 OUTPUT BUFFERS | OUTPUT BUFFERS 


35 LATCHES 
35 BIT SHIFT REGISTER Ms 


SERIAL 
DATA 


16 


CLOCK 
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M5480 


STATIC ELECTRICAL CHARACTERISTICS (T.,,, within operating range, Vpp= 4.75V to 
13.2V, Vcog= OV, unless otherwise specified) 


Supply Current Vpp= 13.2V 


Input Voltages 

Logical ‘‘0’’ Level + 10 vA Input Bias 

Logical ‘’1’’ Level 4.75 <Vpp < 5.25 
Vpp > 9.25 


lp Brightness Input Current 
(note 2) 

VB Brightness Input Input Current = 750 uA 4.3 
Voltage (pin 13) 


Output Sink Current 

(note 3) 

Segment OFF Vo =3V 

Segment ON Vo = 1V (note 4) 
Brightness In.=QywA 
Brightness In. = 100 pA 
Brightness In. = 750 pA 


felock Input Clock Frequency 
lo Output Matching (note 1) 


Notes: 1. Output matching is calculated as the percent variation from Imax + Imin/2. 


2. With a fixed resistor on the brightness input some variation in brightness will occur from one device to 
another. 


3. Absolute maximum for each output should be limited to 40 mA. 
4. The Vo voltage should be regulated by the user. 


FUNCTIONAL DESCRIPTION 


The M5480 is specifically designed to operate 34), digit alphanumeric displays with minimal interface 
with the display and the data source. Serial data transfer from the data source to the display driver is ac- 
complished with 2 signals, serial data and clock. Using a format of a leading ‘‘1’’ followed by the 35 data 
bits allows data transfer without an additional load signal. The 35 data bits are latched after the 36th bit 
is complete, thus providing non-multiplexed, direct drive to the display. 

Outputs change only if the serial data bits differ from the previous time. 

Display brightness is determined by control of the output current for LED displays. A 1nF capacitor 
should be connected to brightness control, pin 13, to prevent possible oscillations. 


A block diagram is shown in figure 1. The output current is typically 20 times greater than the current 
into pin 13, which is set by an external variable resistor. 


There is an internal limiting resistor of 40082 nominal value. 
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FUNCTIONAL DESCRIPTION (continued) 

Figure 2 shows the input data format. A start bit of logical ‘'1"’ precedes the 35 bits of data. At the 
36th clock a LOAD signal is generated synchronously with the high state of the clock, which loads the 
35 bits of the shift registers into the latches. 

At the low state of the clock a RESET signal is generated which clears all the shift registers for the next 
set of data. The shift registers are static master-slave configurations. There is no clear for the master 
portion of the first register, thus allowing continuous operation. 

There must be a complete set of 36 clocks or the shift registers will not clear. 

When power is first applied to the chip an internal power ON reset signal is generated which resets all 
registers and all latches. The START bit and the first clock return the chip to its normal operation. 
Figure 3 shows the timing relationships between Data, and Clock. A maximum clock frequency of 
0.5 MHz is assumed. 

Figure 4 shows the Output Data Format for the 5480.Because it uses only 23 of the possible 35 outputs, 
12 of the bits are ‘‘Don’t Care”. 

For applications where a lesser number of outputs are used, it is possible to either increase the current 
per output, or operate the part at higher than 1V Voyr. 

The ee equation can be used for calculations. 


= [ (Vout) (ILep) (No. of segments) + Vpp * 7 mA | (132 °C/W) + Tamp 


where: 

T, = junction temperature (150°C max) 
Vout= the voltage at the LED driver outputs 
lk ep = the LED current 

132°C/W = thermal coefficient of the package 
Tamb= ambient temperature 


Fig. 2 - Input Data Format 
1 36 
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Fig. 4 - Serial Data Bus/Outputs Correspondence 
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TYPICAL APPLICATION 
BASIC 3/2 Digit interface. 


M5480 
DISPLAY 
DRIVER 


CLOCK DATA 


POWER DISSIPATION OF THE IC 
The power dissipation of the IC can be limited using different configurations. 


ehis 
a) 


In this application R must be chosen taking into account the worst operating conditions. 
R is determined by the maximum number of segments activated. 
R= Ve — Vp max — Vout mIN 
N max * Ip 
The worst case condition for the device is when roughly half of the maximum number of segments 
are activated. 


It must be checked that the total power dissipation does not exceed the absolute maximum ratings 
of the device. 


In critical cases more resistors can be used in conjunction with groups of segments. 
In this case the current variation in the single resistor is reduced and P,,; limited. 
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b) 
In this configuration the drop on the serial connected diodes is quite stable if the diodes are properly 
chosen. 
The total power dissipation of the IC depends, in a first approximation, only on the number of seg- 
ments activated. 
c) 


$.5789 
In this configuration Voy7+Vp is constant. The total power dissipation of the IC depends only on 


the number of segments activated. 
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LED DISPLAY DRIVER 


@ 2 DIGIT LED DRIVER (14 SEGMENTS) technology. It utilizes the M5450 die packaged 
@ CURRENT GENERATOR OUTPUTS (NO in a 20-pin plastic package copper frame,.making 
RESISTOR REQUIRED) it ideal for a 2-digit display. A single pin controls 

the LED display brightness by setting a reference 

® CONTINUOUS BRIGHTNESS CONTROL current through a variable resistor connected 

® SERIAL DATA INPUT either to Vpp or to a Separate supply of 13.2V 
maximum. 

@ DATA ENABLE The M5481 is a pin-to-pin replacement of the 

@® WIDE SUPPLY VOLTAGE OPERATION NS MM 5481. 

@ TTL COMPATIBILITY 


Application examples: 

@ MICROPROCESSOR DISPLAYS 

® INDUSTRIAL CONTROL INDICATOR : 

@ RELAY DRIVER : (0.25) 
@® INSTRUMENTATION READOUTS 


DIP-20 Plastic 


The M5481 is a monolithic MOS integrated ORDERING NUMBER: M5481 B7 
circuit produced with a N-channel silicon gate 


ABSOLUTE MAXIMUM RATINGS 


Vop Supply voltage -0.3to 15 V 
V; Input voltage -O0.3to 15 V 
Vooff) Off state output voltage 15 V 
lo Output sink current 40 mA 
Prot Total package power dissipation at 25°C 1.5W 

at 85°C 800 mW 
Tj Junction temperature 150 a 
Top Operating temperature range -25 to 85 a @ 
T stg Storage temperature range -65 to 150 £C 


Stresses above those listed under ‘‘Absolute Maximum Ratings’’ may causes permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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CONNECTION DIAGRAM 


OUTPUT BIT 8 |] 1 20|] OUTPUT BIT 9 


OUTPUT BIT 7 |] 2 19 |] OUTPUT BIT 10 
OUTPUT BIT 6 [} 3 18[] OUTPUT BIT 11 
OUTPUT BIT5 |] 4 17 |] OUTPUT BIT 12 


OUTPUT BIT 4 {| 5 16 [| OUTPUT BIT 13 


OUTPUT BIT 3 |] 6 Vss 
OUTPUT BIT 2 |] 7 14]] OUTPUT BIT 14 
OUTPUT BIT 1 13{] OATA ENABLE 
BRIGHTNESS 
CONTROL ea 
Yop CLOCK 
§-5790 
BLOCK DIAGRAM 
Fig. 1 Yop OUTPUT BIT14 OUTPUT BIT 1 
BRIGHTNESS 
CONTROL ae 2 
35 OUTPUT | 35 OUTPUT BUFFERS | 
pee 35 LATCHES 
DATA ENABLE 
SERIAL 
DATA 35 BIT SHIFT REGISTER Re 
S- 5791 
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STATIC ELECTRICAL CHARACTERISTICS (T,,,, within operating range, Vpp= 4.75V to 
13.2V, Vo o= OV, unless otherwise specified) 


Logical ‘’0’’ Level + 10 uA Input Bias . 0.8 V 
Logical ‘’1'’ Level 4.75 <Vpp < 5.25 : Vpop V 
Vpp > 8.25 Vpp V 
Ip Brightness Input Current 0.75 mA 
(note 2) 
Ve Brightness Input Input Current = 750 wA 3 4.3 V 
Voltage (pin 9) 


lo Output Sink Current 


(note 3) 
Segment OFF Vo=3V 
Segment ON Vo = 1V (note 4) 


Brightness In. =O pA 
Brightness In. = 100 wA 
Brightness In. = 750 vA 


Notes: 1. Output matching is calculates as the percent variation from Inj~x + Imin/2- 


2. With a fixed resistor on the brightness input some variation in brightness will occur from one device to 
another. 


3. Absolute maximum for each output should be limited to 40 mA. 
4. The Vo voltage should be regulated by the user. 


FUNCTIONAL DESCRIPTION 


The M5481 uses the M5450 die which is packaged to operate 2-digit alphanumeric displays with mini- 
mal interface with the display and the data source. Serial data transfer from the data source to the 
display driver is accomplished with 2 signals, serial data and clock. Using a format of a leading “1” 
followed by the 35 data bits allows data transfer without an additional load signal. 

The 35 data bits are latched after the 36th bit is complete, thus providing non--multiplexed, direct drive 
to the display. Outputs change only if the serial data bits differ from the previous time. Display bright- 
ness is determined by control of the output current for LED displays. A 1nF capacitor should be 
connected to brightness control, pin 9, to prevent possible oscillations. 


A block diagram is shown in figure 1. The output current is typically 20 times greater than the current 
into pin 9, which ts set by an external variable resistor. 


These is an internal limiting resistor of 40022 nominal value. 
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FUNCTIONAL DESCRIPTION (continued) 


Figure 2 shows the input data format. A start bit of logical ’’1’’ precedes the 35 bits of data. At the 36th 
clock a LOAD signal is generated synchronously with the high state of the clock, which loads the 35 bits 
of the shift registers into the latches. 

At the low state of the clock a RESET signal is generated which clears all the shift registers for the next 
set of data. The shift registers are static master slave configurations. There is no clear for the master 
portion of the first shift register, thus allowing continuous operation. 

There must be a complete set of 36 clocks or the shift registers will not clear. 

When power is first applied to the chip an internal power ON reset signal is generated which resets all 
registers and all latches. The START bit and the first clock return the chip to its normal operation. 
Figure 3 shows the timing relationships between Data, Clock and DATA ENABLE. 

A maximum clock frequency of 0.5 MHz is assumed. 

Figure 4 shows the Output Data Format for the M5481. Because it uses only 14 of the possible 35 out- 
puts, 21 of the bits are ‘‘Don’t Cares”. 

For applications where a lesser number of outputs are used it is possible to either increase the current 


per output or operate the part at higher than 1V Vour7. 
The following equation can be used for calculations. 


T) = [ (Vout) (ILep) (No. of segments) + Vpp * 7 MA] (80 °C/W) + Tamp 


where: T; = junction temperature (150°C max) 
Vout = the voltage at the LED driver outputs 
li ep= the LED current 
80°C/W = thermal coefficient of the package 
Tamp= ambient temperature 


Fig. 2 - Input Data Format 


CLOCK FLPLPLYP LILI i LE LI LILI-LSI 1 
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{ 
BIT 34; BIT35 
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Fig. 4 - Serial Data Bus/Outputs Correspondence 
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TYPICAL APPLICATION 
BASIC electronically tuned TV system 


LED DISPLAY 


PLL 
SYNTHESIZER 


KEYBOARD - PROCESSOR Pd 


$-5793 


POWER DISSIPATION OF THE IC 


The power dissipation of the IC can be limited using different configurations. 
@hiue 


a) 


In this application R must be chosen taking into account the worst operating conditions. 
R is determined by the maximum number of segments activated. 


R= Ve — Vp max — Vo min 
N max °* Ib 


The worst case condition for the device is when roughly half of the maximum number of segments 
are activated. 


It must be checked that the total power dissipation does not exceed the absolute maximum ratings 
of the device. 


In critical cases more resistors can be used in conjunction with groups of segments. In this case the 
current variation in the single resistor is reduced and P,,, limited. 


= 5/6 
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b) 
In this configuration the drop on the serial connected diodes is quite stable if the diodes are properly 
chosen. 
The total power dissipation of the IC is, in first approximation, depending only on the number of 
segments activated. 
c) 


S-5789 


In this configuration Voy7+Vpis constant. The total power dissipation of the IC depends only on the 


number of segments activated. 


6/6 Ti SGS- 
—————— Sf. stra beater 


Tw 


698 


i577 SGS-THOMSON 


» MICROELECTRONICS 


2 DIGIT LED DRIVER (15 SEGMENTS) 


CURRENT GENERATOR OUTPUTS (NO 
RESISTOR REQUIRED) 


@® CONTINUOUS BRIGHTNESS CONTROL 
@ SERIAL DATA INPUT 
@ 
@ 


WIDE SUPPLY VOLTAGE OPERATION 
TTL COMPATIBILITY 


Application examples: 

®@ MICROPROCESSOR DISPLAYS 

@ INDUSTRIAL CONTROL INDICATOR 
@ RELAY DRIVER 

@® INSTRUMENTATION READOUTS 


The M5482 is a monolithic MOS integrated 
circuit produced with an N-channel silicon gate 


ABSOLUTE MAXIMUM RATINGS 


Vop Supply voltage 
V1 Input voltage 
Vo (off) Off state output voltage 
O Output sink current 
Prot Total package power dissipation 
T; Junction temperature 
Top Operating temperature range 
Tete Storage temperature range 


M5482 


LED DISPLAY DRIVER 


technology. It utilizes the M5450 die packaged 
in a 20-pin plastic package copper frame, making 
it ideal for a 2-digit display. A single pin controls 
the LED display brightness by setting a reference 
current through a variable resistor connected 
either to Vpp or to a separate supply of 13.2V 
maximum. 


DIP-20 Plastic 
(0.25) 


ORDERING NUMBER: M5482 B7 


-0.3 to 15 V 
-0.3to 15 V 
15 V 
40 mA 


at 25°C 1.5W 
at 85°C 800 mW 


150 °C 
-25 to 85 °C 
-65 to 150 °C 


Stresses above those listed under ‘‘Absolute Maximum Ratings’’ may causes permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 


periods may affect device reliability. 


June 1988 


1/6 


699 


M5482 


CONNECTION DIAGRAM 


OUTPUT BIT 8 |] 1 201] OUTPUT BIT 9 


OUTPUT BIT7 |] 2 19 {| OUTPUT BIT10 
OUTPUT BIT 6 {} 3 18 || OUTPUT BIT 11 
OUTPUT BITS || 4 17 [| OUTPUT BIT 12 


OUTPUT BIT 4 || 5 16 |] OUTPUT BIT 13 


OUTPUT BIT 3 |] 6 VSS 
OUTPUT BIT 2 || 7 141] OUTPUT BIT 14 
OUTPUT BIT 1 13]| OUTPUT BIT 15 
BRIGHTNESS 
CONTROL area 
Ypp CLOCK 
$-5997 
BLOCK DIAGRAM 
Fig. 1 Vop OUTPUT BIT 15 OUTPUT BIT 1 
BRIGHTNESS 
CONTROL 
’ 35 LATCHES 
SERIAL 
DATA 
CLOCK 
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M5482 


STATIC ELECTRICAL CHARACTERISTICS (T.,,, within operating range, Vpp= 4.75V to 
13.2V, Veos= OV, unless otherwise specified) 


Parameter 


Test conditions 


jin. | tye. | mx Junie 


Input Voltages 
Logical ‘‘0"’ Level 
Logical ‘‘1’’ Level 


+ 10 vA Input Bias 
475< oe < 5.25 : 


Brightness Input Current 0.75 
(note 2) 

Brightness Input Input Current = 750 vA 

Voltage (pin 9) 


lo Output Sink Current 
(note 3) 
27 
Brightness In. = 750 uA seme 


Segment OFF 
Notes: 1. Output matching is calculated as the percent variation from Imax + Imin/2. 


Segment ON 
2. A fixed resistor on the brightness input some variation in brightness will occur from one device to 
another. 


3. Absolute maximum for each output should be limited to 40 mA. 
4, The Vo voltage should be regulated by the user. 


Vo = 3V 

Vo =1V (note 4) 
Brightness In. =O uA 
Brightness In. = 100 uA 


FUNCTIONAL DESCRIPTION 


The M5482 uses the M5451 die which is packaged to operate 2-digit alphanumeric displays with mini- 
mal interface with the display and the data source. Serial data transfer from the data source to the 
display driver is accomplished with 2 signals, serial data and clock. Using a format of a leading ‘’1” 
followed by the 35 data bits allows data transfer without an additional load signal. 

The 35 data bits are latched after the 36th bit is complete, thus providing non--multiplexed, direct drive 
to the display. Outputs change only if the serial data bits differ from the previous time. Display bright- 
ness is determined by control of the output current for LED displays. A inF capacitor should be 
connected to brightness control, pin 9, to prevent possible oscillations. 


A block diagram is shown in figure 1. The output current is typically 20 tines greater than the current 
into pin 9, which is set by an external variable resistor. 


There is an internal limiting resistor of 40092 nominal value. 
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M5482 


FUNCTIONAL DESCRIPTION (continued) 


Figure 2 shows the input data format. A start bit of logical ‘1’’ precedes the 35 bits of data. At the 36th 
clock a LOAD signal is generated synchronously with the high state of the clock, which loads the 35 bits 


of the shift registers into the latches. 

At the low state of the clock a RESET signal is generated which clears all the shift registers for the next 
set of data. The shift registers are static master slave configurations. There is no clear for the master 
portion of the first shift register, thus allowing Continuous operation. 


There must be a complete set of 36 clocks or the shift registers will not clear. - 


When power is first applied to the chip an internal power ON reset signal is generated which resets all 
registers and all latches. The START bit and the first clock return the chip to its normal operation. 


Figure 3 shows the timing relationships between Data and Clock. 
A maximum clock frequency of 0.5 MHz is assumed. 


Figure 4 shows the Output Data Format for the M5482. Because it uses only 15 of the possible 35 out- 
puts, 20 of the bits are ‘‘Don’t Cares’’. 


For applications where a lesser number of outputs are used it is possible to either increase the current 
per output or operate the part at higher than 1V Vou-. 
The following equation can be used for calculations. 


T; = [ (Vout) (ep) (No. of segments) + Vpp * 7 MA | (80 °C/W) + Tamp 


where: T; = junction temperature (150°C max) 


Vout = the voltage at the LED driver outputs 
Il, ep= the LED current 


80°C/W = thermal coefficient of the package 
Tamp= ambient temperature 


Fig. 2 - Input Data Format 


1 . 36 
-4 roe 
a | 
l I | ! \ l 
| 1 1 ' 
it 
iSTART! BIT1 | iBIT 34! BIT 35) 


DATA 

LOAD 

(INTERNAL) | | 

RESET 

(INTERNAL) | See 5-5785/1 


Fig. 3 
CLOCK 
DATA 
300ns MIN 
$-5826 
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M5482 


Fig. 4 - Serial Data Bus/Outputs Correspondence 


aT fs [arnt 


EXCISE Ga 


TYPICAL APPLICATION 
BASIC electronically tuned TV system 


LED DISPLAY 


M5482 
DISPLAY 
DRIVER 


PLL 
SYNTHESIZER 
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POWER DISSIPATION OF THE IC 


The power dissipation of the IC can be limited using different configurations. 


a) 


In this application R must be chosen taking into account the worst operating conditions. 
R is determined by the maximum number of segments activated. 
R= Ve — Vp max — Vo min 
N max *!b 


The worst case condition for the device is when roughly half of the maximum number of segments 
are activated. 


It must be checked that the total power dissipation does not exceed the absolute maximum ratings 
of the device. 


In critical cases more resistors can be used in conjunction with groups of segments. In this case the 
current variation in the single resistor is reduced and P;,, limited. 
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M5482 


b) 
In this configuration the drop on the serial connected diodes is quite stable if the diodes are properly 
chosen. : 
The total power dissipation of the IC is, in first approximation, depending only on the number of 
segments activated. 
c) 


$5789 


In this configuration Voy7+Vpis constant. The total power dissipation of the IC depends only on the 
number of segments activated. 
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SERIAL INPUT LCD DRIVER 


» DRIVES UP TO 32 LCD SEGMENTS 

» DATA TRANSFER : FIXED ENABLE MODE 
FOR DIP-40, ENABLE AND LATCH-MODE FOR 
44PLCC 

a INPUTS ARE CMOS, NMOS AND TTL COMPA- 
TIBLE 


a» CASCADABLE 44 PLCC 

» REQUIRES ONLY 3 CONTROL LINES (Plastic) (Plastic Chip Carrier) 
a ON CHIP OSCILLATOR ORDER CODE : M8438A_ DIE 1 

» CMOS TECHNOLOGY FOR WIDE SUPPLY M8438A B6 


VOLTAGE RANGE M8438A C6 
a — 40 TO 8 °C TEMPERATURE RANGE 


PIN CONNECTIONS 


DESCRIPTION 


The M8438A is a CMOS integrated circuit that drives 
an LCD display, usually under microprocessor 
control. The part acts as a smart peripheral that 
drives up to 32 LCD segments. It needs only three 
control lines due to its serial input construction. It 
latches the data to be displayed and relieves the 
microprocessor from the task of generating the re- 
quired waveforms. 


The M8438A can drive any standard or custom pa- 
rallel drive LCD whether it be field effect or dynamic 
scattering. Several drivers can be cascaded, if more 
than 32 segments are to be driven. The AC frequen- 
cy of the LCD waveforms can be supplied by the 
user or can be generated by attaching a capacitor 
to the OSC input which determines the frequency of 
an internal oscillator. 


The M8438A is available in DIE form and assem- 
bled in 40 pin dual-in line plastic or 44 PLCC 
packages. 
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BLOCK DIAGRAM 


LCD AC 
GENERATOR 


g 
p 32 SEGMENT DRIVERS 
32 LATCHES 


EL © LATCH 


MODE 
CONTROL 


7 ion 
DIO = hon STATIC SHIFT REG. 


: Oscillator (capacitor or drive signal) DO : Serial data output 

: Enable / Latch control input BP : Backplane output 

: Mode select input (not available in 40 Pin DIL) SEG : Segment output signal 
: Serial data input 


32 SEGMENT OUTPUTS 


CLOCK O 
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ABSOLUTE MAXIMUM RATINGS 


a 
[Ve | Output Votage——SSSC~S~S~“~S~S Vg = 08 to Vow vO] | 
[Po | Power Dissipation ———SSSCSC“‘“~Ss*s~“‘“~SSC*dSC 
[Taig | Storage Temperature —=SC~“~*“‘*~“‘*~“~*~*~‘“~*~*~dSCSC=<‘ TBE 
[Tr | Operating Temperature ——SCSC~“~*‘“‘~*~“‘“‘“*~*‘“dSCSCSC ao ws 


Stresses in excess of those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This Is a stress rating only and 
functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of this specification 1s not 
implied Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Tamp = 25 °C and Vpp = 5 V unless otherwise noted) 


[Symbol] Parameter __—~«dY~Test conditions | Min. | Max. | Unit 


STATIC ELECTRICAL CHARACTERISTICS 


[Suppy vonage —SSCSC~C“~*S*S~—“‘iSSC“‘CSNSNC#C“#(#SWCS ON“ “SN wo) 
i eo aan 
Tia [Quiescent Curent’ ——————~dVop=tov Sd 10a 
ES ee aT at 


Backplane Output IL =100 pA 
Impedance 
Vorr | Output Offset Voltage C. =250 pF between Each +t 
SEG Output and BP 


Sea 


DYNAMIC ELECTRICAL CHARACTERISTICS 


[tra Wansiion Time 0S0——SCS~S~ en Mode SCSC~rSC“C~*‘izt:C“SO SY 
[ten | Data Setup Time —~S~S~ Rg tan Sw 
[tip | DataHow Time ——S~S~s ge ene SSC~*dC Tid 
tee [et Setuptime Sig St 
Tie [etvo time SOS gt SSS~sd tw 
we [EL Pulse Wath —SSCS~i i 
= 
tee | DO Propagation Delay ——S~S~d ig sc wep Yi (Bo | ne 
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FONCTIONAL DESCRIPTION 


LCD-AC-Generator 


This block generates a 50 % duty cycle signal for the 
backplane output. The circuit can be used in two dif- 
ferent modes : oscillator or driven. 


OSCILLATOR MODE : In this mode the backplane 
frequency is determined by the internal RC oscilla- 
tor together with an 8-stage frequency divider. For 
generating the backplane output signal of 50 % du- 
ty cycle the oscillator frequency is divided by 256. 
The RC oscillator requires an external capacitor to 
be connected between input OSC and Vss. A value 
of 18 pF gives a backplane frequency of 80 Hz 
+ 30 % at Vop = 5 V. The variation of the backplane 
frequency over the entire temperature and supply 
voltage range is + 50 %. 


DRIVEN MODE : In this mode the signal at the back- 
plane output BP is in phase with an external driving 
signal applied to input OSC. This mode is used to 
synchronize the LCD drive of two or more cascaded 
driver circuits. 


DETECTION LOGIC The circuitis able to distinguish 
between the conditions for oscillator or driven mode. 
If the circuit is to be in the oscillator mode, the OSC 
pin has a capacitor connected to it. The oscillator will 
start as soon as the supply voltage exceed a certain 
minimum value. The signal at pin OSC swings within 
a range from 0.3 Vpp to 0.7 Vpp. If the circuit is to 
be in the driven mode, the OSC pin has to be forced 
to logic levels by an external source. The transition 
time between the logic levels must be short, so that 
the circuit does not react on the voltage level in be- 
tween. In the driven mode the 8-stage frequency di- 
vider is by-passed. 


Segment outputs 


A logic 0 at the data input DI causes a segment out- 
put signal to be in phase with the backplane signal 
and turns the segment off. A logic 1 causes a seg- 
ment output to be in opposite phase to the backplane 
signal and turns the segment on. 


Microprocessor interface 


The circuit can operate in two different data transfer 
modes : Enable mode and latch mode. One of either 
mode can be chosen with the mode select input MS. 
An internal pull up device is provided between this 
input and Vpp. Enable mode is selected if MS is left 
open or connected to Vpp. 


Latch mode is selected if MS is connected to Vss. 
The input MS is not available, if the device is as- 
sembled in the 40 pin package, and is internally 
fixed to operate in ENABLE MODE. 


ENABLE MODE Fig. 3 shows a timing diagram of 
the enable mode. Data is serially shifted in and out 
of the shift register on the negative transition of the 
clock. Serial entry into the shift register is permitted 
when the enable/latch control EL is high. When EL 
is low it causes the shift register clock to be inhibi- 
ted and the content of the shift register to be loaded 
into the latches that control the segment drivers. 


LATCH MODE Fig. 4 shows a timing diagram of the 
latch mode. Data is serially shifted in and out of the 
shift register on the negative transition of the clock. 
Serial entry into the shift register is permitted inde- 
pendently of the enable/latch control] EL. When EL 
is high it causes a parallel load of the content in the 
shift register into the latches. It is acceptable to lie 
the EL line high. Then the latches are transparent 
and only two lines, clock and data input, would then 
be needed for data transfer. 


Power-on logic 


A power on reset pulse is generated internally when 
the supply voltage is being turned on. The genera- 
tion of the reset pulse is level dependent and will oc- 
cur even on a slowly rising supply voltage. The po- 
wer on reset pulse resets all shift register stages and 
the latches that control the segment drivers. There- 
fore all segment outputs are initially in phase with 
the backplane output. This causes the display to be 
blanked and no arbitrary data to show up. This 
condition is maintained until data is shifted into the 
register and loaded into the latches. 

CONDITIONS FOR POWER-ON RESET FUNC- 
TION ; The POR circuit triggers on the rising slope 
of the positive supply voltage Vpp. A reset pulse will 
be generated, if conditions a) through qd) are given : 


a) Level eon 
Rising slope from he 
VItOV2. =.= —Cdsidid here —VvI 
Vi max =0.5 V 
V2 min = 3.0 V Veo 

----- 30v 

b) Rise time 
trmin = 10 us a Sag OaY 
ttrmax=15S ltt 

c) Rise function "1 


The function of Vpp between t1 and t2 may be 
nonlinear, but should not show a maximum and 
should not exceed 0.25 V/us. 


d) Recovery time 
The minimum time between turn-off and turn-on 
of Vpp is 1S. 
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FONCTIONAL DESCRIPTION (continued) 


Cascade configuration 


Several LCD drivers can be cascaded if a liquid crys- 
tal display with more than 32 segments is to be 
connected. 


The phase correlation between all segment outputs 
is achieved by using the second (and any other) de- 
vice in the driven mode. 


M8438A 


Two different cascade configurations can be cho- 
sen depending whether the LCD frequency is to be 
determined by the internal RC oscillator or by an ex- 
ternal signal. 


Figure 3 shows the connection scheme for a self os- 
cillating configuration, figure 4 shows the connec- 
tion of an externally controlled one. 


Figure 1 : Timing Diagram of Enable Mode : Set-up and Hold Time. 


ENABLE /LATCH 


DATA IN 


DATA OUT 


S-8310/1 


Figure 2 : Timing Diagram of Latch Mode : Set-up and Hold Time. 


ENABLE/LATCH 


DATA IN 


S- 6311/1 
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M8438A 


Figure 3 : Timing Diagram of Enable Mode : Serial Load into SR and Parallel Transfer to LCD. 


ENAGLE/ LATCH / \, 


DATA IN 


SEGMENTS 


BACKPLANE 


$- 8312/1 


Figure 4 : Timing Diagram of Latch Mode : Serial Load into SR and Parallel Transfer to LCD. 


ENABLE/ LATCH 


DATA IN BOCRREANCAACEAULRERCEI ARE 


BN NT Ne NT. 


$-8313N 
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Figure 5 : Cascade Configuration, Self Oscillating. 


DEVICE 1 DEVICE 2 


Figure 6 : Cascade Configuration, Drive by External Signal. 


DEVICE 1 


LCD 
DRIVING © 
SIGNAL 


DEVICE 2 


DEVICE n 
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kw, SGS-THOMSON 
7 icrosuecrrowmcs M8439 


SERIAL INPUT LCD DRIVER 


a DRIVES UP TO 32 LCD SEGMENTS 

» DATA TRANSFER : LATCH MODE 

» INPUTS ARE CMOS, NMOS AND TIL 
COMPATIBLE 

s CASCADABLE 

» REQUIRES ONLY 3 CONTROL LINES 

s ON CHIP OSCILLATOR 

» CMOS TECHNOLOGY FOR WIDE SUPPLY 
VOLTAGE RANGE (Plastic) 


M8439 DIE 1 


PIN CONNECTION 


40) CLOCK 


DESCRIPTION 

The M8439 is a CMOS integrated circuit that drives Sees 
an LCD display, usually under microprocessor ee 
control. The part acts as a smart peripheral that SEG 23012 
drives up to 32 LCD segments. It needs only three SEG 22(113 
contro! lines due to its serial input construction. It SEG 21916 
latches the data to be displayed and relieves the SEG 2015 
microprocessor from the task of generating the re- SEG 19 416 
quired waveforms. SEG 18 17 


SEG 17 [18 


The M8439 can drive any standard or custom pa- eeaue tas 


rallel drive LCD whether it be field effect or dynamic 
scattering. Several drivers can be cascaded, if more 
than 32 segments are to be driven. The AC frequen- 
cy of the LCD waveforms can be supplied by the 
user or can be generated by attaching a capacitor 
to the OSC input which determines the frequency of 
an internal oscillator. 


The M8439 is available in DIE form and assembled 
in 40 pin dual-in line plastic. 
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BLOCK DIAGRAM 


LCD AC 
GENERATOR 


32 SEGMENT OUTPUTS 


g 
32 SEGMENT DRIVERS 
32 LATCHES 


CLOCK O 


DIO oa on 3 STATIC SHIFT REG. 


Oscillator (capacitor or drive signal) 
: Enable / Latch control input 
: Serial data input 
: Serial data output 
: Backplane output 
Segment output signal 
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ABSOLUTE MAXIMUM RATINGS 


"Symbol [——SSarameter —SSS*~*~*~“~*~sSS*CS awe —*d;Ct 
a 
Z 


Stresses in excess of those listed under "Absolute Maximum Ratings” may cause permanent damage to the device This is a stress rating only 
and functional operation of the device at these or any other conditions In excess of those indicated in the operational sections of this specifica- 
tion 1s not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Tamp = 25 °C and Vpp = 5 V unless otherwise noted) 


[Symbol] Parameter ———~*(|.__‘Test conditions | win. | Max. | Unit 


STATIC ELECTRICAL CHARACTERISTICS 


| Voo | Supply Voltage 


Supply Current Oscillator f < 15 kHz es 


Input High Level 


E 


{ 


eae: 
| too Oscillator f< 15 kHz 
Elle |Voo=toV 
Vin te 
| Vi_| Input Low Level Be ee 
| in| Input Current fe ee 
| Ci_| Input Capacitance ee 
| Vin_| Input High Level [Driven Mode | 8 V0 
| Vu__| Input Low Level Driven Mode 
Driven Mode 
pIu=10nA 


- H- 
: Gi 
oO 


Input Current 


Vop 
Vin 
Vit 
lin 
C; 
Vin 
Vit 
| Row | Segment Output Impedance | w= 10 WA 
Impedance 
SEG Output and BP 


| Row | Data Outputimpedance | = t00wA | TK 


IN 


e) 


DYNAMIC ELECTRICAL CHARACTERISTICS 


[ize] Tanstion Time OSC —~S*~*~*~S*«~C en ods ——SSSC~*~idCSC~*~drC 
tsp [Data Setup Tine ——S~s ge tang SSC*d gs 
[two | Data Hold Time —SSSSCSS~*d ge ange SSSC~s sd 
Tse | et SetupTine Sit S*d 0 
SS 
Tine [EL Puse Wath i gid ts Pd 
tee | Cockto etme ———SOS~s ge SSSC~dC ids 
tsa [ DO Propagation Oslgy —=S~diCg wr «dSSCY OO | 
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FUNCTIONAL DESCRIPTION 


LCD-AC-GENERATOR 


This block generates a 50 % duty cycle signal for 
the backplane output. The circuit can be used in two 
different modes : oscillator or driven. 


OSCILLATOR MODE : In this mode the backplane 
frequency is determined by the internal RC oscilla- 
tor together with an 8-stage frequency divider. For 
generating the backplane output signal of 50 % duty 
cycle the oscillator frequency is divided by 256. The 
RC oscillator requires an external capacitor to be 
connected between input OSC and Vss. A value of 
18 pF gives a backplane frequency of 80 Hz+ 30 % 
at Vpp = 5 V. The variation of the backplane fre- 
quency over the entire temperature and supply volt- 
age range is + 50 %. 


DRIVEN MODE: In this mode the signal at the back- 
plane output BP is in phase with an external driving 
signal applied to input OSC. This mode is used to 
synchronize the LCD drive of two or more cascaded 
driver circuits. 


DETECTION LOGIC The circuit is able to distin- 
guish between the conditions for oscillator or driven 
mode. If the circuit is to be in the oscillator mode, 
the OSC pin has acapacitor connected to it. The os- 
cillator will start as soon as the supply voltage ex- 
ceeds a certain minimum value. The signal at pin 
OSC swings within a range from 0.3 Vpp to 0.7 Vpp. 
If the circuit is to be in the driven mode, the OSC pin 
has to be forced to logic levels by an external source. 
The transition time between the logic levels must be 
short, so that the circuit does not react on the vol- 
tage level in between. In the driven mode the 8- 
stage frequency divider is by-passed. 


SEGMENT OUTPUTS 


A logic 0 at the data input DI causes a segment out- 
put signal to be in phase with the backplane signal 
and turns the segment off. A logic 1 causes a seg- 
ment output to be in opposite phase to the back- 
plane signal and turns the segment on. 


MICROPROCESSOR INTERFACE 
Fig. 2 shows a timing diagram. 


Data is serially shifted in and out of the shift register 
on the negative transition of the clock. 


Serial entry into the shift register is permitted inde- 
pendently of the enable/latch control EL. When EL 
is high it causes a parallel load of the content in the 
shift register into the latches. It is acceptable to tie 
the EL line high. Then the latches are transparent 
and only two lines, clock and data input, would then 
be needed for data transfer. 


POWER-ON LOGIC 


A power on reset pulse is generated internally when 
the supply voltage is being turned on. The gener- 
ation of the reset pulse is level dependent and will 
occur even on a slowly rising supply voltage. The 
power on reset pulse resets all shift register stages 
and the latches that control the segment drivers. 
Therefore all segment outputs are initially in phase 
with the backplane output. This causes the display 
to be blanked and no arbitrary data to show up. This 
condition is maintained until data is shifted into the 
register and loaded into the latches. 


CONDITIONS FOR POWER-ON RESET FUNC- 
TION The POR circuit triggers on the rising slope 
of the positive supply voltage Vpp. A reset pulse 
will be generated, if conditions a) through d) are 
given: 


a) Level 
Rising slope from 
V1 to V2 
V1 max = 0.5 V 
V2 min = 3.0 V 


b) Rise time 
trmin = 10 us foes 
tpmax=15S 


c) Rise function 
The function of Vpp between ti and t2 may be 
nonlinear, but should not show a maximum and 
should not exceed 0.25 V/us. 

d) Recovery time 
The minimum time between turn-off and turn-on 
of Vpp is 1s. 


CASCADE CONFIGURATION 


Several LCD drivers can be cascaded if a liquid crys- 
tal display with more than 32 segments is to be con- 
nected. 


The phase correlation between all segments out- 
puts is achieved by using the second (and any other) 
device in the driven mode. 


Two different cascade configurations can be chosen 
depending whether the LCD frequency is to be 
determined by the internal RC oscillator or by an ex- 
ternal signal. 


Figure 3 shows the connection scheme for a self os- 
cillating configuration, figure 4 shows the connec- 
tion of an externally controlled one. 
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Figure 1 : Timing Diagram of Latch Mode : Set-up and Hold Time. 


ENABLE/LATCH a — oe oe oe 


DATA IN 


S- 6311/1 


Figure 2 : Timing Diagram of Latch Mode : Serial Load into SR and Parallel Transfer to LCD. 


ENABLE/ LATCH 


DATA IN HEE ee lela ae 


seomenss J \ J \_ SNS NXT 


S=- 8313/h 
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Figure 3 : Cascade Configuration, Self Oscillating. 


DEVICE 1 DEVICE 2 


S- 8314 


Figure 4 : Cascade Configuration, Drive by External Signal. 


DEVICE 1 


LCD 
DRIVING © 
SIGNAL 


DEVICE 2 


8 —_____________ {7 S6s-THomson 


MICROELECTRONICS 
718 


ky 


a HIGH-VOLTAGE, HIGH-CURRENT OUTPUTS 

» OUTPUT TRANSIENT PROTECTION 

a» CMOS, PMOS, NMOS, TTL COMPATIBLE IN- 
PUTS 

a INTERNAL PULL-DOWN RESISTORS 

a LOW-POWER CMOS LATCHES 


DESCRIPTION 

The UCN4801A is a high-voltage, high-current 
latch/driver comprised of eight CMOS data latches, 
a bipolar Darlington transistor driver for each latch, 
and CMOS control circuitry for the common CLEAR, 
STROBE, and OUTPUT ENABLE functions. The bi- 
polar/MOS combination provides an extremely low- 
power latch with maximum interface flexibility. 


The CMOS inputs are compatible with standard 
CMOS, PMOS and NMOS circuits. TTL or DTL cir- 
cuits may require the use of appropriate pull-up re- 
sistors. The bipolar outputs are suitable for use with 
relays, solenoids, stepping motors, LED or incan- 
descent displays, and other high-power load. 


The unit feature open-collector outputs and integral 
diodes for inductive load transient suppression. The 
output transistors are capable of sinking 500 mA 
and will sustain at least 50 V in the OFF state. Be- 
cause of limitations on package power dissipation, 


PIN CONNECTIONS (Top view) 
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UCN4801A 


BIMOS LATCH/DRIVERS 


ADVANCE DATA 


the simultaneous operation of all drivers at maxi- 
mum rated current can only be accomplished by a 
reduction in duty cycle. Outputs may be paralleled 


for higher load current capability. 


1 - Clear 

2- Strobe 
3- Input 1 
4- Input 2 
5- Input 3 
6 - Input 4 


7- Input 5 
8- Input 6 
9- Input 7 
10- Input 8 
11- GND 


; 


DIP-22 
(Plastic) 


ORDER CODE : UCN4801ADP 


22 - Output enable 
21-Vcc 

20 - Output 1 
19- Output 2 
18- Output 3 
17- Output 4 
16- Output 5 
15- Output 6 
14- Output 7 
13- Output 8 
12- Common 


1/4 


This is advanced information on a new product now tn development or undergoing evaluation Details are subject to change without notice 


Pah, 


UCN4801A 


ABSOLUTE MAXIMUM RATINGS 


| Vo__| OutputVotage | 

Continuous Collector Current 
Lois Operating Ambient Temperature Range 
Storage Temperature 


* Derate at the rate of 20 m/°C above Tamb = + 25°C 


Vo 
Voc 
Vi 
lc 
Top 


SCHEMATIC DIAGRAM 


Inputn O 0 0 O Common 


QO Outputy 
Strobe © 


Clear © 


Output enable O— ie 


COMMON MOS TYPICAL MOS TYPICAL BIPOLAR 
CONTROL LATCH DRIVER 
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UCN4801A 


ELECTRICAL CHARACTERISTICS T.,,, = + 25 °C, Voc = 5 V (unless otherwise specified) 


Parameter 


Output Leakage Current (Vo = 50 V) 
Tamb =+ 25 °C 
Tam =+ 70 °C 


Collector-emitter Saturation Voltage 
lo = 100 mA 
lo = 200 mA 
lo = 350 mA, Vec =7V 


Input Voltage 
Vec = 15 V 
Veco = 10 V 
Vcec =5 V - (note 1) 


Input Resistance 
Vec = 15 V 
Veco = 10 V 
Vec =5V 


Icc(on) Supply Current - Outputs Open 
(each stage)} Voc =15 V 

Vec = 10 V 
Vec =5V 

lociott) All Drivers off, All Inputs = 0 V 

Clamp Diode Leakage Current (V_ = 50 V) 

Tamb = 25.°C 
Fanb =]. 70°C 


Clamp Diode Forward Voltage Ir = 350 mA 


Note: 1 Operation of these devices with standard TTL or DTL may require the use of appropriate pull-up resistors to insure the minimum 
logic " 


TRUTH TABLE 


Information present at an input Is transferred to its latch when the 


Output OUTn STROBE 1s high A high CLEAR input will set all latches to the output 
OFF condition regardless of the data or STROBE input levels A high 
Clear | Enable | t-1 Let OUTPUT ENABLE will set all outputs to the OFF condition regardless 
a ce ee of any other input conditions When the OUTPUT ENABLE ts low, the 
outputs depend on the state of their respective latches 
a ae 
X = irrelevant 
t-1= previous output state 
t = present output state 
G7 SGS-THOMSON — 
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UCN4801A 


TIMING CONDITIONS 
(Logic levels are Vcc and GND) Vcc = 5 V, Tamb + 25°C 


GLEAR 


re eer eee (tee! ee Leeann 
‘eine 


OUTPUT 
ENABLE 


A Minimum data active time before strobe enabled (data set-up time) 100 ns 
B Minimum data active time after strobe disabled (data hold time) 100 ns 
C Minimum strobe pulse width 300 ns 
D Typical time between strobe activation and output on to off transition 500 ns 
E Typical time between strobe activation and output off to on transition 500 ns 
F Minimum clear pulse width 300 ns 
G Minimum data pulse width 500 ns 

2 

Ww 


conducting 
simultane ously 


PERCENT DUTY CYCLE 


ALLOWABLE COLLECTOR CURRENT IN mA AT Tamb 
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[== SGS-THOMSON  ULN2001A-ULN2003A 


yy 


a SEVEN DARLINGTONS PER PACKAGE 

a OUTPUT CURRENT 500 mA PER DRIVER 
(600 mA PEAK) 

a» OUTPUT VOLTAGE 50 V 

a INTEGRAL SUPPRESSION DIODES FOR IN- 
DUCTIVE LOADS 

s OUTPUTS CAN BE PARALLELED FOR HI- 
GHER CURRENT 

a TTL/CMOS/PMOS/DTL COMPATIBLE INPUTS 

» INPUTS PINNED OPPOSITE OUTPUTS TO 
SIMPLIFY LAYOUT 


DESCRIPTION 


The ULN2001A, ULN2002A, ULN2003 and 
ULN2004A are high voltage, high current darlington 
arrays each containing seven open collector darling- 
ton pairs with common emitters. Each channel is ra- 
ted at 500 mA and can withstand peak currents of 
600 mA. Suppression diodes are included for induc- 
tive load driving and the inputs are pinned opposite 
the outputs to simplify board layout. 


The four versions interface to all common logic fa- 
milies : 


ULN2001A | General Purpose, DTL, TTL, PMOS, 


CMOS 
ULN2002A | 14-25 V PMOS” : 
ULN2003A | 5V TIL, CMOS 


ULN2004A | 6-15 V CMOS, PMOS 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


Output Voltage 


Input Voltage (for ULN2002A/D - 2003A/D - 2004A/D) 


MICROELECTRONICS ULN2002A-ULN2004A 


SEVEN DARLINGTON ARRAYS 


These versatile devices are useful for driving a wide 
range of loads including solenoids, relays DC mo- 
tors, LED displays filament lamps, thermal prin- 
theads and high power buffers. 


The ULN2001A/2002A/2003A and 2004A are sup- 
plied in 16 pin plastic DIP packages with a copper 
leadframe to reduce thermal resistance. They are 
available also in small outline package (SO-16) as 
ULN2001D/2002D/2003D/2004D. 


DIP-16 Plastic 
(0.25) 


SO-16J 


ORDER CODES: 
ULN2001A/2A/3A/4A (DIP-16) 
ULN2001D/2D/3D/4D (SO-16) 


Value 
50 V 
30 V 


Continuous Collector Current 


Continuous Base Current 


_ Operating Ambient Temperature Range 
Storage Temperature Range 


500 

25 
— 20 to 85 
— 55 to 150 


; Junction Temperature 


150 


September 1988 
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ULN2001A-ULN2002A-ULN2003A-ULN2004A 


PIN CONNECTION 


g COMMON FREE 
WHEELING DIODES 


S-197711 


SCHEMATIC DIAGRAM 


EACH DRIVER : Li 
EACH DRIVER 
Series ULN-2001A Series ULN-2002A 
(each driver) (each driver) 


EACH ORIVER - EACH DRIVER 


Series ULN-2003A Series ULN-2004A 
(each driver) (each driver) 


THERMAL DATA 


Thermal Resistance Junction-ambient Max. 70 °C/W 165 °C/W 


ee G7 SGS-THOMSON 
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ULN2001A-ULN2002A-ULN2003A-ULN2004A 


ELECTRICAL CHARACTERISTICS (Tam) = 25 °C unless otherwise specified) 


[Symbol | __Parameter__——|_—sTest Conditions| _Min. | Typ. | Max. | Unit | Fig. | 


IceEx Output Leakage Current | Vce = 50 V 50 uA ia: 
Tamb = 70°C 9 Vce =SOV 100 uA 1a 
Tamb = 70 °C 
for ULN2002A 
Voce = 50V V,=6V 500 
for ULN2004A 
Vce = 50 V = 500 


VcE(sat) | Collector-emitter lc = 100 mA Ip = 250 pA 
Saturation Voltage Ic = 200 mMA_~ lp = 350 nA 
lc = 350 mA Ip = 500A 


l\(on) Input Current for ULN2002A = 0.82 
for ULN2003A = 3: 0.93 
for ULN2004A a 

=12V 


ak 
oO 


= i 


fi 


Viion) | Input Voltage for ULN2002A 
Vce=2V Ic = 300 mA 13 V 5 
for ULN2003A 
VcE=2V Ilo = 200 mA 2.4 V 5 
VoeE=2V Ic = 250 mA 2./ V 5 
Vcpe=2V Ic = 300 mA 3 V 5 
for ULN2004A 
Vce=2V Ic = 125 mA 5 V 5 
VceE=2V Ic = 200 mA 6 V 5 
VceE=2V lc = 275 MA 7 V 5 
Vce=2Vv = 350 mA 8 V 5 


| C, | Input Capacitance 


15 pF 
amon ys —astrwas gfe [ae 
| tpn. | Turn-offDelay Time —- [0.5V,to0.5Vo 005°) a | os. is 


Clamp Diode Leakage ul = 50V 50 WA 
Current Tamb = 70°C = Vp_a=50V 100 - 
Clamp Diode Forward IF = 350 mA 

Voltage 


DC Forward Current Gain | for ULN2001A 
Voce =2V Ic = 350 mA 1000 2 
ae a ae ee es 
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ULN2001A-ULN2002A-ULN2003A-ULN2004A 


TEST CIRCUITS 
Figure 1a. Figure 1b. 


Figure 2. Figure 3. 


Figure 4. Figure 5. 


Figure 6. Figure 7. 


S- 1983 


$-5727 
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ULQ2001R/2R 
ULQ2003R/4R 


SGS-THOMSON 
NICROELECTROMICS 


ST] 


SEVEN DARLINGTON ARRAYS 


» SEVEN DARLINGTONS PER PACKAGE 

» OUTPUT CURRENT 500 mA PER DRIVER 
(600 mA PEAK) 

s OUTPUT VOLTAGE 50 V 

s INTEGRAL SUPPRESSION DIODES FOR IN- 
DUCTIVE LOADS 

» OUTPUT CAN BE PARRALLELED FOR HI- 
GHER CURRENT 

a TTL/CMOS/PMOS/DTL COMPATIBLE INPUTS 

2 INPUTS PINNED OPPOSITE OUTPUTS TO 
SIMPLIFY LAYOUT 


DESCRIPTION 


The ULQ2001R, ULQ2002R, ULQ2003R and 
ULQ2004R are high voltage, high current darlington 
arrays each containing seven open collector darling- 
ton pairs with common emitters. Each channel is ra- 
ted at 500 mA and can withstand peak currents of 
600 mA. Suppression diodes are included for induc- 
tive load driving and the inputs are pinned opposite 
the outputs to simplify board layout. 


The four versions interface to all common families. 


~ULQ2001R | General Purpose, DTL, TTL, CMOS ~ 
ULQ2002R | 15-25 V PMOS 

-ULQ2003R | 5 VTTL, CMOS 
ULQ2004R | 6-15 V CMOS, PMOS 


These versatile devices are useful for driving a wide 
range of loads including solenoids, relays DC mo- 
tors, LED displays, filament lamps, thermal prin- 
theads and high power buffers. 

The ULQ2001R, ULQ2002R, ULQ2003R and ULQ 
2004R are supplied in 16 pin ceramic DIP packages. 


ABSOLUTE MAXIMUM RATINGS 


DIP-16 Ceramic 


PIN CONNECTION 


Beas ier 
Bea 


g COMMON FREE 
WHEELING DIODES 


$-197781 


September 1988 


Parameter : Value 
Output Voltage i 50 
Input Voltage (for ULQ2002R/2003R/2004R) ! 30 
Continuous Collector Current —— 500 
Continuous Base Current 25 
Operating Ambient Temperature Range — 20 to + 85 
Storage Temperature Range — 55 to 150 
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ULQ2001R-ULQ2002R-ULQ2003R-ULQ2004R 


SCHEMATIC DIAGRAM 


OCOM 


OoutT 


EACH ORIVER S- 3499 EACH DRIVER S-1984 


Series ULQ2001R Series ULQ2002R 
(each driver) (each driver) 


O COM O COM 


O OUT 


I 
| 
| 
l 
| 


EACH DRIVER 


LL — +4 8 Mo, Gees ey Pe es 
EACH DRIVER 

Series ULQ2003R Series ULQ2004R 
(each driver) (each driver) 


THERMAL DATA 
Rth j-amb | Thermal Resistance Junction-ambient 7 Max — 150 ; _ °C/W 
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ELECTRICAL CHARACTERISTICS (Tamnp= 25° C unless otherwise specified) 


ULQ2001R-ULQ2002R-ULQ2003R-ULQ2004R 


Symbol | Parameter Test Conditions Min. Typ. = Max. —_-Unit Fig. 
ICEX Output Leakage Voce =50V 50 LA 1a 
Current Tamb = 70 °C Vce =50 V 100 WA 1a 
Tae = 70 °C 
for ULQ2002R 
Voce =50V V,=6V 500 uA 1b 
for ULQ2004R 
Voce =50 V Vi.=1V 500 LA 1b 
te Ji 
VcE (sat) | Collector-emitter Ic = 100 mA lp = 250 nA 09 1 1 V 2 
Saturation Voltage Ic = 200 mA ls =350 LA yh Ta 13 V 2 
Ic = 350 mA lp = 500 nA 13 1.6 V 2 
Input Current for ULQ2002R V,=17V 0 82 1.25 mA 3 
for ULQ2003R V,=3.85 V 0.93 1°35 mA 3 
for ULQ2004R V,=5V 0.35 0.5 mA 3 
V,=12V 1 1.45 mA 3 
loft) Input Current | Tanke = 70°C Ic = 500 pA 50 65 uA 4 
Viton) | Input Voltage for ULQ2002R 
Vee =2V lc = 300 mA BS) V 5 
for ULQ2003R 
Voce =2V Ic = 200 mA : 2.4 V 5 
Voce =2V Ic = 250 mA 2.7 V 5 
Vce=2V lc = 300 mA 3 V 
for ULQ2004R 5 
Voce =2V lc = 125 mA 5 V 
VcE =2V Ic = 200 mA 6 V 5 
Voce =2V Ic =275 mA 7 V 5 
| Vce =2V Ic = 350 mA 8 V 5 
Hee DC Forward Current for ULQ2001R 
Gain Voce =2V Ic = 350 mA |} 1000 - 2 
C, ' Input Capacitance 15 25 pF - 
teLy Turn-on Delay Time | 05 V, to 0.5 Vo 0.25 1 LS - 
tPHL : Turn-off Delay Time 0.5 vi to 0.5 Vy 025 1 us - 
IR | Clamp Diode Leakage | Va =50V 50 LA 6 
Current | Tamb = 70°C VR =50V 100 LA 6 
Ve Clamp Diode Forward | Ir =350 mA irs 2 V 7 
Voltage L 
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ULQ2001R-ULQ2002R-ULQ2003R-ULQ2004R 


TEST CIRCUITS 
Figure 1a. Figure 1b. 


Figure 2. Figure 3. 


Figure 4. Figure 5. 


Figure 6. Figure 7. 
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SGS-THOMSON ; 
NICROELECTROMICS LM2901 


LOW POWER LOW OFFSET VOLTAGE 
QUAD COMPARATORS 


ky 


a WIDE SINGLE SUPPLY VOLTAGE RANGE OR 
DUAL SUPPLIES FOR ALL DEVICES :+2V TO 
+36VOR+1VTO+18V 

» VERY LOW SUPPLY CURRENT DRAIN 
(0.8 mA) INDEPENDENT OF SUPPLY 


VOLTAGE (2 mW/comparator at + 5 V) 
LOW INPUT BIAS CURRENT : 25 nA TYP. 


PR 
if 


) DIP14 

a» LOW INPUT OFFSET CURRENT :+5nA TYP. (Plastic Package) 

a LOW INPUT OFFSET VOLTAGE :+1 mV TYP. 

s INPUT COMMON-MODE VOLTAGE RANGE J 
INCLUDES GROUND CERDIP14 


n LOW OUTPUT SATURATION VOLTAGE - (Cerdip Package) 


250 mV TYP. (lo = 4 mA) 

DIFFERENTIAL INPUT VOLTAGE RANGE TO 
THE SUPPLY VOLTAGE 

s TTL COMPATIBLE OUTPUTS 


DESCRIPTION 


This device consists of four independent precision 
voltage comparators. This comparator is designed 
specifically to operate from a single power supply 
over a wide range of voltages. Operation from split 
power supplies ts also possible. 


ORDER CODES 


Part Package 


Number 


LM2901 -~40to+105 C 
Example : LM2901D 


Temperature 
This comparator also have a unique characteris-tic Range 
in that the input common-mode voltage range in- 
cludes ground even through operated from a single 


power supply voltage. 


PIN CONNECTIONS (top view) 


DIP14 
CERDIP14 


December 1988 


- Output 2 

- Output 1 

+ Vtc 

- Inverting input 1 

- Non-inverting input 1 
- Inverting input 2 

- Non-inverting 2 


- Inverting input 3 

- Non-inverting input 3 
- Inverting input 4 

- Non-inverting input 4 
a VCE 

- Output 4 

- Output 3 
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LM2901 


ABSOLUTE MAXIMUM RATINGS 


<j;<[< 


36 
input Volage—SCSCSC~C~“~S~“~sCS GHC 
output Shorteveat to Ground note@)—SSCSCS~*dCSSCSCS ots sd 


Notes: 1 Short-circuit from the output to Véc can cause excessive heating and eventual destruction The maximum out- 
put current is approximately 20 mA, independent of the magnitude of Vcc 
2 For operating at high temperatures, the LM2901 must be derated based ona + 125 C max junction tempera- 
ture and a thermal resistance of 175 C/W which applies for the device soldered on a printed circuit board, 
Operating ina still arr ambient 
Riny a) = 250 °C/W Devices bonded ona 6 x 3 x 0 15 cm glass-epoxy substrate with 30 mm? of 35 um thick 
copper 


SCHEMATIC DIAGRAM (1/4 LM2901) 


Non-inverting Zz 
input 


Inverting 
input 


E88LM1 39-02 


inverting Non-inverting Vz vi 
Inputs Inputs ee oe 
a= ‘ . ; . ; ; a 
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CASE 


DIP14 
CERDIP14 
$014 


LM2903 


ELECTRICAL CHARACTERISTICS 


LM2903: —40 C<Tamy<+105C 
fos Veo SV) Vac] GND 


LM2903 
T 


—< 
xo) 


Input Offset Voltage — (note 3) 
Tae =-+ 25 a 
Tmin S Tamb = Tmax 


I+ 
— 


Input Bias Current — (note 4) 
Tamb = + 25 a © 
Tmin = Tamb < T max 

Input Offset Current 
Teawab =+ 25 2 


T min = Tamb = T max 


— 250 + 250 


+ 400 


I+ 

on 
=) 
> 


+ 50 
+ 150 


— 150 


Avo Large Signal Voltage Gain” V/mV 


(Vcc =+ 15 V, Vg =+ 10 V, Re > 15 kQ) 
Tamb =+ 25°C 


jo) 
Oo 
= 3 
| 3} a] 3] als 


ine) 
on 


| 
- = 1 
ie) oOo ol 
bee 3S 
+ 
Nh 
on 
+ + 
on 


ae 
ae Carry 
aN 
NM 
° — 
ee 
3 
> 


loc Supply Current, no Load 
Vcc = + 30 V (all comparators) 
Tamb = 25 °C 


Tmin S Tamb < Tmax 


Input Voltage Range — (note 5) 
Tani =+ 25 = 


Vip Differential Input Voltage V; > 0 V or if used V;~ =O V 
(note 7) 


los Output Sink Current 
Vit =OV,V,)7 >=1V,Vo < =4+1.5V 
Tam 22d °C 
VoL Saturation Voltage 
Vi 2=1V,V,* =0V, los < =4 mA 
Tamb = 25°C 250 


Tmin < Tamb < T max 


a5 = 
=o) o 
3 


High Level Output Current 

Vit >=1V,V,°> =0V 
Tamb = 25 °C, Vo =+ 5 V 

Tmin & Tamb S$ Tmax, Vo =+ 30 V 


3 
ps] 8 


1000 


Response Time 
VL =+5V, R_ =5,6 kQ — (note 6) 


Large Signal Response Time 
e| =TTL, Vie =+ 1.4 V, Vi =5V 


Tamb = 25 °C 30 


oO 


4 Oo 
w aan 
fees 
| 8 : 


3 At output switch point, Vo = 1 4 V. Rs = 0 with Véc from 5 V to 30 V the full input common-mode range (0 V to Véc - 1 5 V) 

4 The direction of the input current is out of the 1C due to the PNP input stage This current is essentially constant, independent of the 
state of the output, so no loading charge exists on the reference or input lines 

5 The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0 3 V 
The upper end of the common-mode voltage range !s Véc — 1 5 V, but either or both inputs can go to + 30 V without damage 

6 The response time specified ts for a 100 mV input step with 5 mV overdrive For larger overdrive signals 300 ns can be obtained 

7 Positive excursions of input voltage may exceed the power supply level As long as the other voltage remains within the common- 
mode range the comparator will provide a proper output state The low input voltage state must not be less than-03 V (or03V 
below the magnitude of the negative power supply, if used) 
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LM2903 


SUPPLY CURRENT INPUT CURRENT 


1.2 Pe, Vee < 
< z - 
: z 
i 1 ig 
z log 
a — 
oO 
? x 
ry 08 < 
> c 
rt 5 
oO. ao 
=] z 
= aon 
0 10 20 30 40 
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) 
E88LM193-07 E88LM193-08 
RESPONSE TIME FOR VARIOUS INPUT 
OUTPUT SATURATION VOLTAGE S OVERDRIVES - NEGATIVE TRANSITION 
2 oO 
> q 
“a ar 
Oo 
= > 
a 5 
oO ao 
> = 
me ) 
6 ro) 
- ~~ 
> 
og 
3 EB 
< oO 
m < 
- 
rs} 
> 
= 
m4 
OUTPUT SINK CURRENT (mA) 2 TIME (us) 
E88LM193-09 E88LM193-10 
RESPONSE TIME FOR VARIOUS INPUT 
OVERDRIVES - POSITIVE TRANSITION 
2 6 Input overdrive — 100 mV + 
g° TT 
q 
4 
5 NEES 
3 
> 
ane 414 
a 
mee ani pe 
aoe a ree 
ee oe 
£ 100 iz 
a Gal 
Bor 
g 
= 0 0.5 1 15 2 
= 
r4 TIME (ys) 
E88LM193-11 
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LM2901 


TYPICAL APPLICATIONS Véc = + 5V 
BASIC COMPARATOR DRIVING CMOS 


1/4 
LM2901 


E88LM139-13 E88LM139 14 


DRIVING TTL LOW FREQUENCY OF AMP 


100 k22 


Ay = 100 2 | 
N 


LOW FREQUENCY OP AMP WITH OFFSET ZERO CROSSING DETECTOR (single 
ADJUST power supply) 


E88LM139 18 
E88LM139-15 


+5 V 


Offset adjust t 100 ka 


E88LM139-21 ; E88LM139-22 
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LM2901 


TYPICAL APPLICATIONS (continued) 
TIME DELAY GENERATOR 


> 


E88LM139-17 E88LM139-16 


LOW FREQUENCY OP AMP TRANSDUCER AMPLIFIER 


Magnetic pick-up 
2N 2222 


0.5 pF 


100 kQ a: 


E88LM139-20 


E88LM139-19 
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LM2901 


TYPICAL APPLICATIONS (continued) 
TWO-DECADE HIGH-FREQUENCY VCO 


100 K22 


100 k&2 


Frequency control 
voltage input 
Vcontrol O Output «| fr 2 


O Outpur 2¥ V 


Vec =+30V 
+ 250 mV < Vcontrol < + 30 V 
700 Hz < fo < 100 KHz E88LM139 23 


LIMIT COMPARATOR CRYSTAL CONTROLLED OSCIL; ATOR 


+ Viref) 0-1 
high 


2N 2222 


E88LM139-24 E88LM139-25 


SPLIT-SUPPLY APPLICATIONS 
ZERO CROSSING DETECTOR COMPARATOR WITH A NEGATIVE REFERENCE 


E88LM139-26 
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LM2901 


PACKAGE MECHANICAL DATA 
14 PINS — PLASTIC DIP OR CERDIP 


(1) Nominal dimension 


(2) True geometrical position 


I 4 PINS 


0.4 
min. 


1.75 max. 


14 ens 
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LM2902 


LOW POWER QUAD OPERATIONAL AMPLIFIER 


LARGE VOLTAGE GAIN : 100 dB 

VERY LOW SUPPLY CURRENT/AMPLI 
375 nA 

LOW INPUT BIAS CURRENT : 20 nA 

LOW INPUT OFFSET VOLTAGE : 2 mV 
LOW INPUT OFFSET CURRENT : 2 nA 
WIDE POWER SUPPLY RANGE : 

~ SINGLE SUPPLY :+3VTO+30V 

~ DUAL SUPPLIES: 15VTO+15V 


DESCRIPTION 


This circuit consists of four independent, high gain, 
internally frequency compensated operational am- 
plifier which is designed specifically for automotive 
and industrial control systems. It operates from a 
single power supply over a wide range of voltages. 
Operation from split power supplies is also possible 
and the low power supply current drain is inde- 
pendent of the magnitude of the power supply vol- 
tage. 


PIN CONNECTIONS (top view) 


DIP 14 
(Plastic Package) 


J 
CERDIP14 
(Cerdip Package) 


ser N 
» 
. 
. % 
iJ 
» 


$014 
(Plastic Micropackage) 


ORDER CODES 


Part Temperature 
Number Range 
LM2902 | — 40 °C to + 105 °C 


Example LM2902J 


DIP14 
CERDIP14 


- Output 1 

- Inverting input 1 

- Non-inverting input 1 
- Vcc 

- Non-inverting input 2 
- Inverting input 2 

- Output 2 


December 1988 


- Output 3 

- Inverting Input 3 

- Non-inverting input 3 
= M GE 

- Non inverting input 4 
- Inverting input 4 

- Output 4 
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LM2902 


ABSOLUTE MAXIMUM RATINGS 


Power Dissipation N, J Suffix 
D Suffix 400 

[eos | Output Short-circuit Duration | INDEFINITE | — | 

es ge Input Current — (note 6) 

coe Operating Free Air Temperature Range 


= 


Toper 


SCHEMATIC DIAGRAM (1/4 LM2902) 


Storage Temperature Range 


inverting input Non inverting input 


SER PES 
TI 


eientnte | 

| Ht 
A) SLUTS oF 
SE. 
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LM2902 


ELECTRICAL CHARACTERISTICS 


Véco=+5V, Véc= Ground, Vo = 1.4 V 
LM2902: —40<Tamp < +105 C 
(unless otherwise specified) 


Parameter 


Input Offset Voltage (note 3) 
Taine =+ 25 1 & 
T min = Tamb = T max 


LM2902 
y 


Unit 


+ 
2 


Input Offset Current 
‘Tara =+ 25 °C 
T min S T amb < T max 


Input Bias Current (note 2) 
Tamb =+ 25 °C 
Tin = Tamb = T max 


Large Signal Voltage Gain 
(Véc=+ 15 V, RL = 2 kQ) 
(Vo =1.4 Vto 114 V) 
Tamb =+25 i 
Tmin S$ Tamb = Tmax 


Supply Voltage Rejection Ratio (Rs < 10 kQ) 
Lamp =+25 °C 
T min = Tamb = T max 


200 


V/mV 


10 


14 


| Typ. | Max. | 
vi 
40 
rb 
20 100 
oe 
on 


loc Supply Current, all Amp, no Load 
Tamp = +25 °C Vec=+5V 
Vec =+ 30 V 
mince bags baax Vec =+5V 


Voc =+30V 
V| Input Voltage Range (note 4) 
Tamb =+ 25 °C 
Tmin S$ Tamb = T max 


CMR Common-mode Rejection Ratio (Rs < 10 kQ) 
Tamb =+ 25 °C 
Tmin S Tamb S T max 


Output Short-circuit Current 
(Vi =+1V,Vp =0 V, Voc =+ 15 V) 
Tamb =+ 25 °C 


T min S Tamb S T max 


= 


5 a 3 


Om lope?) No 
Oo oo ono 


mA 


Vec 
=—15 
Vcc 
-2 
20 40 
10 
10 
10 
12 
12 


Output Current Sink 
(Vi =-1V, V7 =0 V) 


Voc =+ 15 V Tamb = + 25 °C mA 
T min = Tamb = Tmax 
Vo =+0.2V Tamb =+ 25°C LA 


T min = Tamb < T max 


Output Voltage Swing 
Tamb = + 25 °C Rp = 2 kQ 


Tmin <= Tamb S Tmax Re >2kQ 


an "— 
Oo oOo 


High Level Output Voltage 


(Vcc = + 30 V) 
Tamb = + 25 °C Ru =2 kQ2 
T min = Tamb S T max 
Tamb = + 25 °C R, =10 kQ 


mM mw 
SINOOD 
Pars 
— 
MQ —Eo 


Poss 


T min S Tamb S Tmax 
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LM2902 


ELECTRICAL CHARACTERISTICS (continued) 


Parameter 


Low Level Output Voltage 
(Rt < 10 kQ) 

Tamb =+ 25 °C 

Tmin = Tamb S T max 


Slew-rate (V; = 0.5 to 3 V, Ry = 2 kQ 
CL < 100 pF, Tamb = + 25 °C, unity gain, Vcc = 15 V) 


Gain Bandwidth Product, Vcc = 30 V 
(f = 100 kHz, Tamp = + 25 °C, Vin = 10 mV, Ru = 2 kQ, 
Cy. = 100 pF) 


Total Harmonic Distortion 
(f = 1 kHz, Av = 20 dB, Ri = 2 kQ, Vo =2 Vpp, Ci < 100 pF, 
ieee =+25 °C; Voc = 30 V) 


Equivalent Input Noise Voltage 
(f=1 kHz, Rg = 100 ©, Vcc = 30 V) 


Average Temperature Coefficient 
of Input Offset Voltage 
Tmin S$ Tamb = T max 


Average Temperature Coeff. of Input Offset Current 
T min < Tamb < 25 a 


Vo1/Vo2} Channel Separation — (note 5) 
1 kHz < f < 20 kHz 


Notes : 1- Short-circuits from the output to Vcc can cause excessive heating if Vcc > 15 V The maximum output current 
Is approximatively 40 mA independent of the magnitude of Vcc Destructive dissipation can result from simul- 
taneous short-circuits on all amplifiers 

2- The direction of the input current is out of the IC This current is essentialy constant, independent of the state 
of the output so no loading change exists on the input lines 

3- Vo=14V,R5=0,5V <Vcec < 30V,0<Vi< Vec-15V 

4- The input common-mode voltage of either input signal voltage should not be allowed to go negative by more 
than 0 3 V The upper end of the common-mode voltage range 1s Vcc — 1 5 V, but either or both inputs can go 
to + 32 V without damage 

5- Due to the proximity of external components insure that coupling ts not originating via stray capacitance be- 
tween these external parts This typically can be detected as this type of capacitance increases at higher fre- 
quences 

6- This input only exist when the voltage at any of the input leads ts driven negative It 1s due to the collector- 
base junction of the input PNP transistor becoming forward biased and thereby acting as Input diode clamps 
In addition to this diode action, there is also NPN parasitic action on the IC chip This transistor action can 
cause the output voltages of the Op-amps to go to the Vcc voltage level (or to ground for a large overdrive) 
for the time duration than an input Is driven negative 
This 1s not destructive and normal output will set up again for input voltage higher than -03 V 
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INPUT CURRENT (Note 8) 


LM2902 


CURRENT LIMITING (Note 8) 


q ae 
E £ 
= £ 
2 = 
[vt 
oc fc 
x o 
=] 
O Oo 
5 5 
a. oa. 
2 z 
55 35 15 5 25 45 65 85 105 125 -§5 -35-15 5 25 45 65 85 105125 
E88LM124-02 E88LM124-03 
INPUT VOLTAGE RANGE SUPPLY CURRENT 
15 4 
e. a3 
5 Wi é 
rc | / = 
<q Negative = 
ar m 2 
[0 a 
Oo = | 
> Oo 
rt 5 
5 ~ 
oO. V, a2 1 
2 a. 
= 
w” 
Oo 5 10 15 0 
POWER SUPPLY VOLTAGE (V) POWER SUPPLY VOLTAGE (Vv) 
E88LM124-04 E88LM124 05 
VOLTAGE GAIN = COMMON-MODE REJECTION RATIO 
160 3 120 
2 TT 
md 
100 a hh emer rete ones a @ 080111 
= m 
> 120 z 
2 i 
< a 
80 wi 60 
9 if 
re Q 40 
— re) 
S 40 S 
Pa 
5 20 
= 
so 
0 Oo 100 1k 10k 100k 1M 
POWER SUPPLY VOLTAGE (V) &88LM124-06 FREQUEN Y (Hz) 
Note: 8- LM2902 :~40 C < Tamp< +105 °C E88LM124-07 
(7 SGS-THOMSON 
Sf micROELECTROMIES 
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LM2902 


VOLTAGE GAIN (dB) 


INPUT VOLTAGE !V) - OUTPUT VOLTAGE (V) 


OUTPUT VOLTAGE (mV) 
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VOLTAGE FOLLOWER PULSE RESPONSE 


REPONSE EN FREQUENCE EN BOUCLE 
OUVERTE 


+ 
Vcc" +30V & 


! 
+10to +15V & 
B5°C<Tamb< # 125°C 


t 
CC 


10 1D 100 1.0k 10k 100k 1 BM 10M 


FREQUENCY (Hz) 


E88LM124-08 


20 


TIME (us) 


E88LM124-10 


VOLTAGE FOLLOWER PULSE RESPONSE 
(SMALL SIGNAL) 


350 


300 


250 


IML Le 
Vcc 
0 1 2 3 4 5 6 7 8 


TIME (us) 


E88LM124-12 


kyy 


OUTPUT SWING (Vpp) 


OUTPUT VOLTAGE (V) 


OUTPUT VOLTAGE REFERENCED TO V¢é¢& (V) 


SGS-THOMSON 
MICROELECTRONICS 


1 


LARGE SIGNAL FREQUENCY RESPONSE 


FREQUENCY (Hz) 


E88LM124-09 


OUTPUT CHARACTERISTICS 
(CURRENT SINKING) 


prsiit t ttt tt at 
Be 


OUTPUT SINK CURRENT (mA) 


E88LM124-11 


OUTPUT CHARACTERISTICS 
(CURRENT SOURCING) 


= .¢] 
ani + 25°C 


001 01 1 


0 00) 


OUTPUT SOURCE CURRENT (mA) 
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INPUT CURRENT VOLTAGE GAIN 


< a 
= ao 
a = 
2 2 
cc < 
ra O 
=) 
O Oo 
5 : 
2 a 
7 S 
POWER SUPPLY VOLTAGE (V) POWER SUPPLY VOLTAGE (V) 
E88LM124-14 E88LM124-15 
POWER SUPPLY & COMMON MODE Avd (dB) LARGE SIGNAL VOLTAGE GAIN 
REJECTION RATIO 
wi (dB) 120 si hee 
So ae Heese se a 
a eee se i 
set | aS 
Sc : 
ee : 
ao 95 e 110 
oe, ees : 
a5 ia ea ha S 
85 - 
34 cel Nee AOS 
Lu 80 }+——4 Li 
ans ee o 
= 75 oa 
& 70 + 100 
mpon eon o ey seo (hor e9, 02 10aKies 55-35-15 5 25 45 65 80 105125 
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 
E88LM124-16 E88LM124-17 
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LM2902 


TYPICAL SINGLE - SUPPLY APPLICATIONS 
AC COUPLED INVERTING AMPLIFIER 


—R 
Av = —— (As shown Ay = — 10) 
R1 


+ R2 
Vcc 100k 
©) 


E88LM1 24-18 


Ri 
100 k&2 


E88LM1 24-19 
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LM2902 


TYPICAL SINGLE - SUPPLY APPLICATIONS (continued) 
NON-INVERTING DC GAIN 


E88LM124-20 


DC SUMMING AMPLIFIER 


100 k&2 
ae 


100 k&2 f 
100 k82 


100 ks! 
r= 


100 k&e 


100 ks: €o = €1 + €2 -€3 —- &4 
OS where (€1 + €2) 2 (e3 + €4) 


to keep eo > OV E88LM1 24-21 
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TYPICAL SINGLE SUPPLY APPLICATIONS (continued) 
HIGH INPUT Z ADJUSTABLE GAIN DC INSTRUMENTATION AMPLIFIER 


If Ri = Rs and R3 = Ra = Re = R7z 


Ri 
eO = (14 ) (e2 - e1) 


As shown €o0 = 101 (e2 — e1) 


R3 
100 k&2 


100 kQ 


E88LM124-22 


LOW DRIFT PEAK DETECTOR 


* Polycarbonate or polyethylene E88LM124-23 
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TYPICAL SINGLE SUPPLY APPLICATIONS (continued) 
ACTIVE BANDPASS FILTER 


R11 
100 k2 


R4 
10 MQ 
C? 


30 pF 
R3 i . RG 


100 kx 470 k82 


1/4 
LM2902 


+ 


R8 
100 kQ2 


N 


fo = 1 kHz 
Q=50 
Av = 100 (40 dB) 


E88LM124-24 
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LM2902 


HIGH INPUT Z, DC DIFFERENTIAL AMPLIFIER 


(CMRR depends on this resistor ratio match) 


+, 2s 
CO = a7 (e2 — e4) 


As shown €o0 = 2 (€2 — @1) 


E88LM124-25 


Aux. amplifier for 
input current compensation 


E88LM124-26 
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LM2902 


PACKAGE MECHANICAL DATA 
14 PINS — N SUFFIX — PLASTIC PACKAGE — J SUFFIX — CERDIP PACKAGE 


(1) Nominal dimension 


(2) True geometrical position 


14 ons 


0.4 
min. 


1.75 max. 


14 ais 
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ST] 


a» WIDE SINGLE SUPPLY VOLTAGE RANGE OR 
DUAL SUPPLIES + 2 VTO+ 36 VOR+1VTO 
+18V 

» VERY LOW SUPPLY CURRENT DRAIN 

(0.8 mA) INDEPENDENT OF SUPPLY 

VOLTAGE (2 mW/comparator at + 5 V) 

LOW INPUT BIAS CURRENT : 25 nA TYP. 

LOW INPUT OFFSET CURRENT :+5 nA TYP. 

LOW INPUT OFFSET VOLTAGE :+ 1 mV TYP. 

INPUT COMMON-MODE VOLTAGE RANGE 

INCLUDES GROUND 

a LOW OUTPUT SATURATION VOLTAGE : 
250 mV TYP. (lo = 4 mA) 

a DIFFERENTIAL INPUT VOLTAGE RANGE TO 
THE SUPPLY VOLTAGE 

» TTL, DTL, ECL, MOS, CMOS COMPATIBLE 
OUTPUTS 


DESCRIPTION 


This device consists of two independent precision 
voltage comparators. 


This comparator is designed specifically to operate 
from a single power supply over a wide range of vol- 
tages. Operation from split power supplies is also 
possible. 


This comparator also have a unique characteris-tics 
in that the input common-mode voltage range tn- 
cludes ground even through operated from a single 
power supply voltage. 


PIN CONNECTIONS (top view) 


sGS-THOMSON 
NICROELECTRONICS 


LM2903 
LOW POWER LOW OFFSET 


VOLTAGE DUAL COMPARATOR 


D 
SO8 
(Plastic Micropackage) 


N 
MINIDIP 
(Plastic Package) 


J 
MINICERDIP 
(Cerdip Package) 


ORDER CODES 


Part | Temperature 
Number 


Range 


aie [owes ep 


Example : LM2903N 


MINIDIP8 
MINICERDIP8 


- Output 1 

- Inverting input 1 

- Non-inverting input 1 
- Vec 


December 1988 


- Non-inverting input 2 
- Inverting input 2 

- Output 2 

Vice 
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LM2903 


ABSOLUTE MAXIMUM RATINGS 


Veo | SuppyVotage—OSCSC~‘“‘“*‘“‘“*S*S*‘“‘~*~*‘*~‘~dt:C*‘ OSC 
SM 
[Oulput Shor-arcut to Ground=(noie@)——SSSSCSCSCSCS~S~T omc 


Notes: 1 For operating at high temperatures the LM2903 must be derated based ona + 125 C max junction temperature and a thermal re- 
sistance of 175 C/W which applies for the devices soldered on a printed circuit board, operating in a still air ambient 
2  Short-circuit from the output to Véc can cause excessive heating and eventual destruction The maximum output current is approxt- 
mately 20 mA, independent of the magnitude of Véc 


SCHEMATIC DIAGRAM (1/2 LM2903) 


E88LM193 01 


inverting Non-inverting = 
outputs | Mmpsring [Nomvinverting | vec | te 
por foas foe foe foe 
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MINICERDIP8 
SO8 
MINIDIP8 
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ELECTRICAL CHARACTERISTICS 


LM2903: -—40 C<Tamp <+ 105 C 
PS Vee 5. Vege GND 


LM2903 


Input Offset Voltage — (note 3) 
ler =+ 25 °G 
Tmin s Tamb = T max 

Input Bias Current — (note 4) 
Taio = + 25 ae: 
T min = Tamb = Tmax 

Input Offset Current 
Taw =+ 25 a 
Tmin = Tamb S T max 


> 


Large Signal Voltage Gain’ 
(Vcc =+ 15 V, Va =4+ 10 V, Rr > 15 kQ) 
Tass =+ 25 °C 


Supply Current, no Load 

Vcec = + 30 V (all comparators) 
Tamb 225 °C 
T min = Tamb = T max 


Input Voltage Range — (note 5) 


Tamb =+ 25 i & 


T min = Tamb = T max 


Output Sink Current 

Vit =OV,Vi> 2>=1V,Vo << =4+15V 
Tamb = 25 °C 

Saturation Voltage 

Vi 2=1V,V,;" =0V, los <=4MA 
Tamb = 25 °C 


T min < Tamb < T max 


4 
Oo 


=| 3 3 5 3 3 


High Level Output Current 
Vit zet1V V7 =O0V 
Tamb = 25 °C, Vo = + 5 V 
Tmin < Tamb $ Tmax, Vo = + 30 V 


jo) 

a 
D 
> 


Response Time 

VL =+5V, R_ = 5:6 kQ — (note 6) 
feo =+ 25°C 

Large Signal Response Time 


ey= TTL, Vie =+14V,VL =5 V 
Tamb =25 °C 


=% 
[ee] 
S 
ep) 


3 At output switch point, Vo = 14 V. Rs = 0 with Véc from 5 V to 30 V the full input common-mode range (0 V to Véc - 1 5 V) 

4 The direction of the input current is out of the [C due to the PNP input stage This currents essentially constant independent of the 
state of the output, so no loading charge exists on the reference or input lines 

5 The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than0 3 V 

The upper end of the common-mode voltage range is Véc — 1 5 V, but either or both inputs can go to + 30 V without damage 

The response time specified ts for a 100 mV input step with 5 mV overdrive For larger overdrive signals 300 ns can be obtained 

Positive excursions of input voltage may exceed the power supply level As long as the other voltage remains within the common- 

mode range the comparator will provide a proper output state The low input voltage state must not be less than-—03 V (or O03 V 

below the magnitude of the negative power supply, tf used) 


NO 
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SUPPLY CURRENT INPUT CURRENT 


q 
= © 
< K 
E z 
a ul 
kK x 
= fea 
uu 2 
ms oO 
(49) 
n < 
> fea! 
O. 5 
Oo oO 
=] z 
° a 
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) 
E88LM193-07 E88LM193-08 
RESPONSE TIME FOR VARIOUS INPUT 
SRS ANUETIGR ORE 2 OVERDRIVES - NEGATIVE TRANSITION 
i 
am © 
> co g 
< ~ 
oO re} 
ec > 
- 
a | 
fe) = 
> - 
aD | 
a ra) 
- a 
> 
c 
= £ 
< oO 
~~ <q 
cmd 
| 
Oo 
S 
om 
rf 
OUTPUT SINK CURRENT (mA) zZ TIME (xs) 
E88LM193-09 E88LM193-10 
RESPONSE TIME FOR VARIOUS INPUT 
OVERDRIVES - POSITIVE TRANSITION 
26 
- 
O 5 
m4 
rs) 
OD 3 
- 
ay, 
a. 
te 1 
2 
oo 0 
> 
— 100 
uu 
mw 50 
= oO 
a | 
[@) 
> 
bE 0 OS 1 tS. » 
Da 
a 
z TIME (us) 
E88LM193 11 
4 
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LM2903 


TYPICAL APPLICATIONS 
BASIC COMPARATOR DRIVING CMOS 


O) 
100 k82 il 
: | 


E88LM193-12 


DRIVING TTL 


E88LM193 14 E88LM193-15 


LOW FREQUENCY OP AMP 


(Vo OV for V;- 0 V) 


0.5 uF 


100 k82 a 


£0 


E88LM193-16 : E88LM193-17 
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LM2903 


TYPICAL APPLICATIONS (continued) 


LOW FREQUENCY OP AMP WITH OFFSET ZERO CROSSING DETECTOR 
ADJUST (SINGLE POWER SUPPLY) 


4+5V 
Offset adjust i 100 ka 


100 kQ2 
51k 5.1 kk 


E88LM193-18 E88LM193-19 


TWO DECADE HIGH FREQUENCY VCO 


Frequency control 3k 


voltage input 
Output 1 


V contro! O 


Output 2 


+250 mV<Veontrols | 90 V 


700 Hz<fg< 100 kHz E88LM193-20 
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LM2903 


TYPICAL APPLICATIONS (continued) 
LIMIT COMPARATOR CRYSTAL CONTROLLED OSCILLATOR 


O Vécli2 V) 


+V (ref) 
High 


+ Viref) 


tow 


E88LM193-21 E88LM193 22 


SPLIT-SUPPLY APPLICATIONS 


Zero Crossing Detector Comparator with a Negative Reference 


E88LM193-23 E88LM193-24 
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LM2903 


PACKAGE MECHANICAL DATA 
8 PINS — PLASTIC DIP 


1.27max. 


(1) Nominal dimension 


635 (1) (2) True geometrical position 
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MICROELECTROMICS 


LOW POWER DUAL OPERATIONAL AMPLIFIER 


D 
SO8 
(Plastic Micropackage) 


a INTERNALLY FREQUENCY COMPENSATED 

a LARGE DC VOLTAGE GAIN : 100 dB 

a WIDE BANDWIDTH (unity gain) : 1.1 MHz (tem- 
perature compensated) 

a VERY LOW SUPPLY CURRENT/AMPLI 

500 WA) - ESSENTIALLY INDEPENDENT OF 

SUPPLY VOLTAGE 

LOW INPUT BIAS CURRENT : 20 nA (tempera- 

ture compensated) 

mw LOW INPUT OFFSET VOLTAGE : 2 mV 

a LOW INPUT OFFSET CURRENT : 2 nA 

a INPUT COMMON-MODE VOLTAGE RANGE 

INCLUDES GROUND 

DIFFERENTIAL INPUT VOLTAGE RANGE 

EQUAL TO THE POWER SUPPLY VOLTAGE 

a LARGE OUTPUT VOLTAGE SWING 0 V TO 
(Vcc — 1.5 V) 


DESCRIPTION 


This circuit consists of two independent, high gain, 
internally frequency compensated which is desi- 
gned specifically to operate from a single power sup- 
ply over a wide range of voltages. The low power 
Supply drain is independent of the magnitude of the 
power supply voltage. 


Application areas include transducer amplifiers, dc 
gain blocks and all the conventional op-amp circuits 
which now can be more easily implemented in sin- 
gle power supply systems. For example, this circuit 
can be directly operated off the standard + 5 V po- 
wer supply voltage which is used in logic systems 
and will easily provide the required interface elec- 
tronics without requiring any additional power sup- 
ply. 

In the linear mode the input common-mode voltage 
range includes ground and the output voltage can 
also swing to ground, even through operated from 
only a single power supply voltage. 


The gain-bandwidth product is temperature com- 
pensated. 


The input bias current is temperature compensated. 


December 1988 


MINIDIP 
(Plastic Package) 
J 
MINICERDIP 
(Cerdip Package) 


ORDER CODES 


Part Temperature Range 
Number 


LM2904 — 40 °C to + 105 °C 
Example LM2904D 


PIN CONNECTIONS (top view) 


MINIDIP8 
MINICERDIP8 


- Output 1 

- Inverting input 1 

- Non-inverting input 1 
- Ground 

- Non-inverting input 2 
- Inverting input 2 

- Output 2 

- Vec 


, 
2 
3 
4 
5 
6 
7 
8 
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ABSOLUTE MAXIMUM RATINGS 


P Voc | SuppyVotage C—“‘“*~‘“‘“‘*S*™*™S~*dSC‘S™C™*‘d;C =*Si 
P= ee || Output Short-circuit Duration (note 2) Indefinite =| =| 
Power Dissipation 
| tin | Input Current (note 1) 
Operating Free-air Temperature Range 
Storage Temperature Range 


SCHEMATIC DIAGRAM (1/2 LM2904) 


< 


Inverting x 


input Q1 


| | Output 


Non inverting a 013 


input 


— Single Supply 3 V to 30 V 
— Dual supplles+15Vto+15V 


; Non - 
CASE "inputee | inverting GND Vec 
Inputs 
MINIDIPS 


ase Scs-THOMsON 
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LM2904 


ELECTRICAL CHARACTERISTICS 


Véco =+5V, Veco = Ground, Vo = 1.4 V 
(unless otherwise specified) 


LM2904: —40 <Tam <+105°C 


LM2904 
eae 


Input Offset Voltage (note 3) mV 
Tamb = 25 °C 2 5 
Tmin $ Tamb = Tmax ri 


Input Offset Current 
Tamb = 25 °C 
Tmin S$ Tamb = Tmax 

Input Bias Current (note 4) 
Tamb = 25 °C 


Tmin s Tamb = Tmax 


Large Signal Voltage Gain 

(Vcc =+ 15V, Rp =2kQ) 

(Vo = 1.4 V to 11.4 V) 
Tamb = 29 °C 


Tmin S Tamb S Tmax 


SVR Supply Voltage Rejection Ratio 
(Rs < 10 KQ) 
Tera = 25 °C 


Trmuin < Tamb S Tmax 


lec Supply Current, all Amp, no Load mA 
Tamb = 25 °C, Veco = + BV 0.7 1.2 
Tmin S Tamb < Tmax Ae 
Tamb = 25 eC. Voc =+30V 
Tmin = Tamb S Tmax 


Input Voltage Range (note 6) 
Tamb = 25 °C 


‘Lain < Tamb < Tmax 


Common-mode Rejection Ratio 
(Rs < 10 kQ) (note 3) 

Tamb = 29 °C 

Tmin = Tamb = Tmax 


Output Short-circuit Current 

(Vi>=+1V,V,=0V) 
Tamb = 29 °C, Vecc = + 15 V (note 2) 

Tmin = Tamb = Tmax 


Output Current Sink 
VES 1 VV, Vi= 0) 


Vec =+15V Tamb = + 25 °C 
Tmin = Tamb = Tmax 
Vo=+02V Tamb = + 25 °C 


Traa < Tamb < Tmax 


Output Voltage Swing 
Tamb = 25 °C Ry, 2>2kQ 


Tmin = Tamb = Tmax Re > 2 kQ 
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LM2904 


ELECTRICAL CHARACTERISTICS (continued) 


a 


VoH High Level Output Voltage 
(Vcc = 30 V) 
Tamb = 29 °C Rp =2kQ 
Tmin S Tamb < Tmax 
‘ans = 25°C Ru = 10 kQ 
Tmin < Tamb = Tmax 


Vo Low Level Output Voltage 
(Ry = 10 kQ2) 

Tamb = 25 °C 

Tmin S Tamb = Tmax 
Slew-rate (Vj = 05 to3 V, Ry = 2 kQ, C, < 100 pF, 
Tamb = 25 °C, unity gain) 
Veco = 15 V 
Gain Bandwidth Product 
(f = 100 kHz, Tamb = 25 °C, Vcc = 30 V 
Vin = 10 mV, Rt = 2kQ, C, = 100 pF) 


Total Harmonic Distortion 
(f = 1 kHz, Ay = 20 dB, Ri = 2 k®, Voc = 30 V 


Svo 
Equivalent Input Noise Voltage 


Vn 
(f = 1 kHz, Rg = 100 2, Vcc = 30 V) 


DV io Input Offset Voltage Drift uV/°C 
Tmin = Tamb = Tmax 7 30 
Input Offset Current Drift 
Tie = lenp Seok 
Vo1/Vo2 | Channel Separation (note 5) 
1 kHz <f< 20 kHz 


Notes : 1 This input only exist when the voltage at any of the tnput leads ts driven negative It is due to the collector-base junction 

of the input PNP transistor becoming forward biased and thereby acting as input diode clamps 
In addition to this diode action, there ts also NPN parasitic action on the IC chip This transistor action can cause the out- 
put voltages of the Op-amps to go to the Vcc voltage level (or to ground for a large overdrive) for the time duration that an 
Input is driven negative 
This ts not destructive and normal output will set up again for input voltage higher than — 0 3V 

2 Short-circuits from the output to Vcc can cause excessive heating if Vcc > 15V The maximum output current is approxi- 
matively 40mA independent of the magnitude of Vcc Destructive dissipation can result from simultaneous short-circuits 
on all amplifiers 

3 Vo=1 4V, Rs = 0, 5V < Voc < 30V,0< Vi< Vec—1 5V 

4 The direction of the input current is out of the IC This current Is essentially constant, independent of the state of the out- 
put so no loading change exists on the input lines 

5 Due to the proximity of external components tnsure that coupling Is not originating via stray Capacitance between these 
external parts This typically can be detected as this type of capacitance increases at higher frequences 

6 The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0 3V 
The upper end of the common-mode voltage range is Vcc — 1 5V 
But either or both inputs can go to + 32V without damage 
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OPEN LOOP FREQUENCY RESPONSE (Note 3) LARGE SIGNAL FREQUENCY RESPONSE 
140 
120 
— 100 z- 
3 > 
2 80 o 
4 Z 
ae 60 S 
q . 
i z 
O Vec=+10to +15V& = 
20 — 40°C <Tamp< + 105°C ) 
0 
10 10 100 1.0k 10k 100k 1.0M 10M 1k 10k 100k 1M 
FREQUENCY (Hz) FREQUENCY (Hz) 
VOLTAGE FOLLOWER PULSE RESPONSE OUTPUT CHARACTERISTICS 
> 10 & 
KO = 
>< a 
BE S a 
> 
>0 = Mi 
o> me A 
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ro) w 
. [> ¢ OF 
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0.01 
0.001 001 0.1 1 10 100 


TIME (us) OUTPUT SINK CURRENT (mA) 


COMMON-MODE REJECTION RATIO 


COMMON-MODE REJECTION RATIO (dB) 


100 Tk 10k 100k 1M 
FREQUENCY (Hz) 
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OUTPUT VOLTAGE (mV) 


INPUT CURRENT (mA) 


INPUT VOLTAGE (V) 
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500 


350 


300 


250 


VOLTAGE FOLLOWER PULSE RESPONSE 
(SMALL SIGNAL) 


Tamb = + 25°C 
Vcc =+30V 
0 5 66 7 8 


TIME (us) 


INPUT CURRENT (Note 1) 


—55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


INPUT VOLTAGE RANGE 


[TY 


Negative 


JA | 
5 10 15 


POWER SUPPLY VOLTAGE (+V) 


wn 


kyy 


OUTPUT VOLTAGE REFERENCED TO Véc (V) 


OUTPUT CURRENT (mA) 


i 


SUPPLY CURRENT (mA) 
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OUTPUT CHARACTERISTICS 


1 TT Th TS LT 


0001 001 01 1 10 
OUTPUT SOURCE CURRENT (mA) 


CURRENT LIMITING (Note 1) 


0 
-55 -35-15 5 25 45 65 85 105 125 


TEMPERATURE (°C) 


SUPPLY CURRENT 


WwW 


— 


POSITIVE SUPPLY VOLTAGE (V) 
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INPUT CURRENT 


VOLTAGE GAIN 


(yu) LNSYHND LNdN! 


(€P) NIVD JDVLIOA 


40 


30 
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10 


POSITIVE SUPPLY VOLTAGE (V) 


POSITIVE SUPPLY VOLTAGE (V) 


GAIN BANDWIDTH PRODUCT 


VOLTAGE GAIN 


N 
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TEMPERATURE (°C) 
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60 


(aP) OILVY NOILOSrSY 3SGOW NOWNWOD 


POWER SUPPLY REJECTION RATIO 
-55 -35 -15 5 25 45 65 85 105 125 


=) 
s) 
= 
N 


(GP) OILVH NOILOSLSY AlddNS Y3MOd 


TEMPERATURE (°C) 


TEMPERATURE (°C) 


E88LM108-27 


7/13 


MICROELECTRONICS 


ky SGS-THOMSON 


767 


LM2904 


TYPICAL APPLICATIONS (single supply voltage) Vcc = + 5 Voc 
AC COUPLED INVERTING AMPLIFIER 


E88LM108-21 


E88LM108-22 
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TYPICAL SINGLE - SUPPLY APPLICATIONS (continued) 
NON-INVERTING DC GAIN 


E88LM124 20 


DC SUMMING AMPLIFIER 


100 k&2 
= 


100 k%? 
all 
100 k82 


100 k&2 
{ 


100 k&: 


eq 100 ks2 €o = @1 + G2 —-@3 —- €4 


Oo where (€1 + €2) = (e3 + €4) 


to keep eo 20 V E88LM124-21 
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TYPICAL SINGLE SUPPLY APPLICATIONS (continued) 
HIGH INPUT Z ADJUSTABLE GAIN DC INSTRUMENTATION AMPLIFIER 


If Ri = Rs and R3 = Ra = Re = R7 


Ri 
eo = (14 2, (e2 — e1) 


As shown €o0 = 101 (€2 — e1) 


100 k&2 


E88LM1 24-22 


LOW DRIFT PEAK DETECTOR 


* Polycarbonate or polyethylene E88LM124-23 
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TYPICAL APPLICATIONS (single supply voltage) Vcc = + 5 Vpbc (continued) 
HIGH INPUT Z ADJUSTABLE-GAIN DC INSTRUMENTATION AMPLIFIER 


R1 
100 k&2 


If R1 = R5 and R3 = R4 = R6 = R7 


R3 
2 
100 kg2 + ent ) (V2—V1) 


R2 


As shown ‘Vo — 101 (V2 —V1) 


R7 
100 k&2 


E88LM108-27 


Input current 
compensation 
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TYPICAL APPLICATIONS (single supply voltage) Vcc = + 5 Vpc (continued) 
ACTIVE BAND-PASS FILTER 


R1 
100 kX 


fo = 1 kHz 
Q=50 
Av = 100 (40 dB) E88LM108-29 
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PACKAGE MECHANICAL DATA (continued) 
8 PINS - PLASTIC DIP OR CERDIP 


(1) Nominal dimension 


(2) True geometneal position 
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MICROELECTRONICS $T6013/14 
8 BIT HCMOS MICROCONTROLLERS WITH A/D 
CONVERTER 
PRELIMINARY DATA 
a 8-BIT ARCHITECTURE » THE DEVELOPMENT TOOL OF THE ST601X 
a STATIC HCMOS OPERATION MICROCONTROLLER FAMILY CONSISTS OF 
e 3.0 TO6.0V SUPPLY OPERATING RANGE THE EMS6-HW/B1X EMULATION AND DE- 
e 3.25uS TCYCLE (with 4MHz clock) VELOPMENT PACKAGE CONNECTED VIA A 
a RUN, WAIT & STOP MODES STANDARD RS232 SERIAL LINE TO AN IBM 
s USER ROM: 1828 BYTES PC. THE ST60P1X PIGGYBACK ROMLESS 
» RESERVED ROM : 220 BYTES VERSION IS AVAILABLE 
» DATAROM: 32 BYTES 
s DAIARAM: 32 BYTES 
» 20-PIN DIP OR SO PLASTIC PACKAGE 


(ST6010, ST6011,ST6014) 

a 28-PIN DIP ON SO PACKAGE (ST6012, 
ST6013) 

= 6 PUSH-PULL BIDIRECTIONAL INPUTS/OUT- 
PUTS WITH 5mA_ DRIVING CAPABILITY 
(ST6010) 

a 7 PUSH-PULL BIDIRECTIONAL INPUTS/OUT- 
PUTS WITH 5mA DRIVING CAPABILITY 
(ST6011,ST6012) 

a 8 PUSH-PULL BIDIRECTIONAL INPUTS/OUT- 
PUTS WITH 5mA_ DRIVING CAPABILITY 
(ST6013, ST6014) 

» 8-BIT COUNTER WITH A 7-BIT PROGRAMM- 
ABLE PRESCALER (Timer) 

» HARDWARE ACTIVATED DIGITAL WATCH- 

DOG FUNCTION (ST6010, ST6012, ST6013, 

ST6014) 

SOFTWARE ACTIVATED DIGITAL WATCH- 

DOG/TIMER (ST6011) 

8-BIT A/D CONVERTER WITH 3 (ST6011, 

ST6014), 7 (ST6010) AND 9 (ST6012, ST6013) 

ANALOG INPUTS AND SEPARATE ANALOG 

REFERENCE VOLTAGE (not available in 

ST6010) 

es ONE LEVEL OR EDGE SENSITIVE EXTERNAL 

INTERRUPT INPUT 

ON-CHIP CLOCK OSCILLATOR 

BYTE EFFICIENT INSTRUCTION SET 

BIT TEST AND JUMP INSTRUCTIONS 

WAIT, STOP (ST6011 only) AND BIT MANIPU- 

LATION INSTRUCTIONS 

aw TRUELIFO 4 LEVEL STACK 

a 9 POWERFUL ADDRESSING MODES 

- (eneee HE oes a Lea ek (Order Codes at the end of the datasheet) 
DATA/CONTROL REGISTERS ARE_ AD- 
DRESSED IN THE DATA SPACE AS RAM LO- 
CATIONS 


June 1989 1/12 
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Figure 1 : ST6010 - ST6011 - ST6012 Pin Configurations. 
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Figure 2 : ST6013 - ST6014 Pin Configurations. 
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GENERAL DESCRIPTION 


The ST6010, ST6011, ST6012, ST6013 and 
ST6014 microcontrollers are members of the 8-bit 
HCMOS ST60XX family, a series of devices 
oriented to low-medium complexity applications. All 
ST60XX members are based on a building block ap- 
proach: to acommon core is associated a combi- 
nation of on-chip peripherals (macrocells) available 
from a standard library to form around the core all 
the existing and future ST6 devices. These periph- 
erals are designed with the same core technology 
giving full compatibility, short design and testing 


Figure 3 : ST601X Block Diagram. 
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time. The macrocells of the ST6010/11/12/13/14 
are: the Timer that includes an 8-bit counter with a 
7-bit software programmable prescaler (Timer), the 
8-bit A/D Converter with a different number of 
analog inputs (ADC) with separate analog reference 
voltage (ST6012, ST6014 only), the hardware 
(ST6010/1 2/13/14) or software (ST6011) activated 
digital watchdog/timer (DWD). Thanks to these pe- 
ripherals these devices are well suited for automo- 
tive and industrial controls applications. 


* REFER TO PIN DESCRIPTION FOR ADDITIONAL INFORMATION 


VvO000207 
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PIN DESCRIPTION 


Vpp and Vss. Power is supplied to the MCU using 
these two pins. Vpp is power and Vss is the ground 
connection. 


OSCIN, OSCOUT. These pins are internally con- 
nected to the on-chip oscillator circuit. A crystal 
quartz or a ceramic resonator has to be connected 
between these two pins in order to allow a right oper- 
ating of the MCU. A signal can be also provided to 
the OSCIN pin as external clock. The OSCIN pin is 
the input pin, the OSCOUT pin is the output pin. 


RESET. The active low RESET pin is used to rest- 
art the microcontroller at the beginning of its pro- 
gram. 


TEST. The TEST (mode select) pin is used to place 
the MCU into special operating mode. If TEST is 
held at +5V the MCU enters the normal operating 
mode. If TEST is held at zero when reset is active 
the test operating mode is automatically selected 
(the user should connect this pin to Vpp for normal 
operation ). 

INT/PA7 (*). The INT pin provides the capability for 
asynchronous applying an external interrupt to the 


Table 1: 


MCU. This pin is active low on ST6010, ST6012 and 
is connected together with the I/O line PA7. On 
ST6014 is active low but is not connected to I/O line 
PA7.OnST6011 the interrupt pin is falling edge sen- 
sitive while on ST6013 the external interrupt line is 
not available. (*) The PA7/INT connection is im- 
plemented only on ST6010 and ST6012. 


PAO-PA7. These 8 lines are organized as one I/O 
port (A). Each line may be configured as either an 
input or an output under software control of the data 
direction register. Port A has a push-pull output con- 
figuration with 5mA drive capability and schmitt trig- 
ger inputs. (*) PA is not available in ST6010 and 
ST6011. On ST6010 and ST6012 PA? and the ex- 
ternal interrupt line are connected together. 


A1-A9. These 9 pins are the analog inputs for the 
on-chip 8-bit A/D converter. The user can select by 
software which analog channel has to be converted. 
The following table summarizes the A/D pins avail- 
able for the different devices. 


: A/D Available Inputs for Different ST601X Products. 


A/D np ST6010 ST6011 ST6013 ST6014 


AVpbp,AVss. These pins are used to provide a sep- 
arate reference voltage to the A/D converter in order 
to allow high precision conversion.These pins are 
not available on ST6010. On ST6014 only AVpp is 
available. 


TIMER. This is the timer I/O pin. In input mode it is 
connected to the prescaler and acts as external 


timer clock (DOUT=TOUT=0) or as control gate for 
the internal timer clock (DOUT=1,TOUT=0). In the 
output mode the timer pin outputs the data bit when 
a time out occurs. This pin is not available in 
ST6010. 
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ST60XX CORE 


The CORE of the ST60XX Family is implemented 
independently from the I/O or memory configura- 
tion. Consequently, it can be treated as an inde- 
pendent central processor communicating with I/O 
and memory via internal addresses, data, and con- 
trol buses. The in-core communications are ar- 


Figure 4 : ST60XX Core Block Diagram. 
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ranged as shown in the following block diagram 
figure; the controller being externally linked to both 
the reset and the oscillator while the core is linked 
to the dedicated on-chip macrocells peripherals via 
the serial data bus and indirectly for interrupt pur- 
poses, through the control registers. 


O TO 4MHz 
INTERRUT 


DATA {SPACE 


CONTROL 


OPCODE FLAG 
VALUES 


PROGRAM 
ROM 


A-DATA 


STACK 


INPUT/OUTPUT PORT 


The ST601X has one I/O port (A), each I/O line can 
be individually programmed either in the input mode 
or the output mode. ST6010 has 6 I/O lines, while 7 
are available on ST6011 and ST6012 and 8 on 
ST6013 and ST6014. The input mode allows con- 
figuring the lines in the high impedance state. The 
lines are organized in one port (port A). The port oc- 
cupies two registers in the data space, there being 
one register, the DATA register (DR, location OOH), 


SIGNALS 


DEDICATIONS 
ADDRESS DATA 
pgs pe) 


ADDRESS/READ LINE 
| 


DATA 
B-DATA RAM 
| 
PC & ACCUMULATOR 
4 LAYERS FLAGS wes | 
| 


| RESULTS TO DATA SPACE 
__, (WRITE LINE) 


V000176 


used to read the logic level values of the lines pro- 
grammed in the input mode or to write the logic value 
of the signal to be output on the lines configured in 
the output mode, and another, the DATA DIREC- 
TION register (DDR, location 04H), that allows the 
selection of the direction of each pin (input or out- 
put). In input mode the data register remains un- 
changed as the logic value at port pins is read 
directly into the shift register of the port macrocell. 
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TIMER 


The Timer peripheral consists of an 8-bit counter 
with a 7-bit programmable prescaler, thus giving a 
maximum count of 2'°, and a control logic that 
allows configuring the peripheral in three operating 
modes. The content of the 8-bit counter can be 
read/written in the Timer/Counter register TCR that 
can be addressed in the data space as RAM loca- 


DIGITAL WATCHDOG/TIMER 


The digital watchdog/timer of the ST601X devices 
consists of a down counter that can be used to pro- 
vide acontrolled recovery from a software upset. On 
ST6010, ST6012, ST6013 and ST6014 it is auto- 
matically initialized after reset so that this function 
does not need to be activated by the user program. 
As the watchdog function is always activated this 
down counter can’t be used as a timer. On the 
S1T6011 the watchdog activation can be controlled 


8-BIT A/D CONVERTER 


The ST601 X A/D converter is an 8-bit analog to digi- 
tal converter with 3 (ST6011, ST6014), 7 (ST6010), 
9 (ST6012, ST6013) analog inputs offering 8-bit res- 
olution with + 1/2 bit of linearity and a conversion 
time of 150uS (clock frequency of 4MHz). The A/D 


twelve. 


DEVELOPMENT SUPPORT & EMULATION 
SYSTEM 

The ST60XX development system offers powerful 
in-circuit emulator and easy-to-use sets (dedicated 
boards) of modular hardware and software tools to 


tion at the 13H address. The state of the 7-bit pres- 
caler can be read in the PSC register at the 12H ad- 
dress. The control logic device can be managed 
thanks to the TSCR register (14H address). On 
$7T6011,ST6012, ST6013 and ST6014 the external 
Timer pin is available for the user. 


by the user software so that the watchdog can be 
used as a simple 7-bit timer for general purpose 
counting. 

The watchdog is using one data space register 
(DWDR location 18H) and the watchdog time can 
be programmed using the 6MSbits in the watchdog 
register. The check time can be set differently for dif- 
ferent routines within the general program. 


converter also offers separate analog reference 
voltage pins. The ST601X A/D peripheral converts 
by a process of successive approximations using a 
clock frequency from 100 to 500kKHz. The clock is 
derived from the oscillator with a division factor of 


shorten the total system development time of the 
final application. The ST60XX emulator offers emu- 
lation power with plug-in flexibility in the selection of 
emulation hardware modules for the dedicated mac- 
rocells. The emulator can be interfaced with a stand- 
ard RS232 serial link to industry standard MS-DOS 


6/12 {7 SGS-THOMSON 
s/f MICROELECTRONICS 


780 


3$1T6010/11/12/13/14 


personal computers. The ST60P1X piggyback version is also available to provide flexibility in prototypes or 


pre-production. ever it is advised to take normal precaution to avoid 
ABSOLUTE MAXIMUM RATINGS application of any voltage higher than maximum 
This product contains devices to protect the inputs -—« “ated voltages. For proper operation it is recom- 
against damage due to high static voltages, how- “ended that Vi and Vo must be higher than Vss and 


smaller than Vpp. Reliability is enhanced if unused 


[lo | Current Drain per Pin Excluding Vop&Ves—=SC~=“~*~“‘~‘dCS*C*‘“‘*‘ TC 
[po | Total Power Disspaion ——SSSSSCSCSC~C~S~“~S*~*~‘dtCSSS tw 


inputs are connected to an appropriated logic voltage level (Vpp or Vss). 


Notes: 1 MIL 883B Mode, 100pF through 1 5KQ 


RECOMMENDED OPERATING CONDITIONS 


[Symboi[ Parameter [ Test Coneltions | win. | Typ. | Max. [ Unt 


[m [omenene Ties cet [me 
7 Version — 40 110 eC 
[Voo | Operating Supply Votage | SS~Ci CS 

tose | Oscillator Frequency «(| Voo=45-60V. | 

tose | Oscillator Frequency | Voo=35V SCC 
tose | Oscillator Frequency‘ Voo=30V.—SSSC~dYCi CS 


AVpp | Analog Supply Voltage 
AVss 


2. Stresses above those listed as "absolute maximum ratings" may cause permanent damage to the device This is a stress 


THERMAL CHARACTERISTICS 


Rtniy-a) | Thermal Resistance Plastic DIP 20 
Plastic DIP 28 


Plastic SO 20 
Plastic SO 28 
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rating only and functional operation of the device at these conditions is not implied Exposure to maximum rating condi- 


tions for extended periods may affect device relia- Pport = Port power dissipation (determined 


Note: On Seat AVop and AVssare internally connected to dig!- by the user). 

tal Vss and Vpp For most applications, Pport < Pint and the former 

POWER CONSIDERATIONS can be neglected. Pport may become significant if 
' The average chip-junction temperature, Tj, in Cel- the device is configured to drive darlington bases or 

sius can be obtain from : sink LED loads. An approximate relationship be- 


Tj = TA +PD x RthJA tween PD and Tu (if Pport is neglected) is : 


where : TA = Ambient Temperature, RthJA = Pack- Pe ere), 
age thermal resistance (junction-to am- Solving previous equations gives: 


bient, PD = Pint + Pport, K = PD x (TA + 273) + RthJA x PD® 
Pint = Ipp x Vpp (chip internal power), 


DC ELECTRICAL CHARACTERISTICS 
Ta, =— 40 to 85°C unless otherwise specified. 


All /O Lines Vpp = 3.0V 
Vop = 45V 
Vpp = 5.5V 


Negative Threshold All I/O Lines Vpp =3.0V 
Vpp =45V 
Vop = 5.5V 


Hysteresis Voltage All 1/0 Lines Vpp = 3.0V 
Vop = 4.5V 
Vpp =55V 


Input Low Level Voltage RESET PIN Vpp =3.0V 
Vop = 4.5V 
Vop = 5.5V 


Input Low Level Voltage INT PIN Vpop =3.0V 
Vop = 45V 
Vop = 5.5V 


Input High Level Voltage RESET PIN Vpp =3.0V 
Vop = 4.5V 
Vpp = 5.5V 


Input High Level Voltage INT PIN Vpp =3.0V 
Vop =4.5V 
Vop = 5.5V 


Low Level Output Voltage All I/O Lines lo < 1ptA 
Vop =3.0V 
Vop = 5.5V 


Low Level Output Voltage All I/O Lines lo. < 5mMA 
Vop =4.5V 
Vop =5.5V 


High Level Output Voltage All 1/0 Lines lo < 1ptA 
Vpp =3.0V 
Vop = 5.5V 

High Level Output Voltage All 1/O Lines loy =—5mA 
Vop = 4.5V 
Vop = 5.5V 
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DC sa ene CHARACTERISTICS (continued) 


| Parameter |__Test Conditions |_Min. | Typ. | Max. | Unit | 


lit, li | Input Leakage Current All Digital Inputs 
Vin = Vpp or Vss 


Vpop =3.0V 
Vop = 5.5V 
All A/D Conv. Inputs 
Vin = Vpp or Vss 

Vpop =30V 
Vpop = 5.5V 


Input Leakage Current 


Trigger Level ON Voltage 


Trigger Level OFF Voltage 


Supply Current RUN Mode lLoad = OmA 
Fosc = 0.5MHz 
Vop =3.0V 

Fosc = 4.0MHz 
Vop = 5.5V 


ILoad = OmA 
Fosc = 0.5MHz 
Vpp = 3.0V 
Fosc = 4.0MHz 
Vop = 5.5V 


Note 1 ILoad = OmA 
Vop =3.0V 
Vpp =55V 


Supply Current WAIT Mode 


Supply Current STOP Mode 


AC ELECTRICAL CHARACTERISTICS 
T, = — 40 to 85°C unless otherwise specified. 


Crystal or External Clock 
Vop = 3.0V 
Vop = 4.5V 
Vpp = 5.5V 


ty Level Interr. Hold Time Vpop =3.0V 5*tcyc us 
Vop =4.5V 


Gu [input Capasiance | Alinputs Pre =| | 
Cour | Output Capacitance [al outputrins +d i ts |r 
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A/D CONVERTER CHARACTERISTICS 
Ta, =— 40 to 85°C unless otherwise specified. 


Max Deviation from the Best 

Straight Line 
Uncertainly due to converter 
resolution. 


fosc = 4MHz"") 


Conversion result when 
Vin = AV ss. 


Conversion result when 
Vin = AVop. 


where K is constant pertaining to the particular part. K can be determined from the equation by measuring 


TIMER CHARACTERISTICS 
TA = — 40 to 85°C unless otherwise specified 


fin Input Frequency on TIMER Pin | Vpp = 3.0V 
Vop = 4.5V 
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ORDERING INFORMATION 


The following chapter deals with the procedure for 
transfer the Program/Data ROM codes to SGS- 
THOMSON. 


Communication of the ROM content. To com- 
municate the contents of Program/Data ROM 
memories to SGS-THOMSON, the customer has to 
send one 2764 EPROM that must be programmed 
as follows: 

OOOOH-087FH Reserved (Should be filled with FFH) 
O880H-OF9FH User program 


OFAOH-OFFBH Reserved (Should be filled with FFH) 


OFFCH Interrupt vector LOW byte 
OFFDH Interrupt vector HIGH byte 
OFFEH Reset vector LOW byte 
OFFFH Reset vector HIGH byte 


the Data ROM space (32 Bytes) of the microcontrol- 
ler must be placed in the EPROM from: 
1160H-117FH 


ST601X Part Number 


$1T6010/11/12/13/14 


All unused bytes must be filled with FFH. For ship- 
ment to SGS-THOMSON the EPROM should be 
placed in a conductive IC carrier and packaged 
carefully. 


Listing Generation & Verification. When SGS- 
THOMSON receives the EPROM a computer listing 
is generated from the EPROM. This listing corre- 
spond exactly to the mask that will be used to pro- 
duce the microcontroller. Then the listing is returned 
to the customer that must thoroughly check, com- 
plete, sign and return it to SGS-THOMSON. SGS- 
THOMSON will also program one 2764 EPROM 
from the data file corresponding to the listing to help 
the customer in its verification. The signed listing 
constitutes a part of the contractual agreement for 
the creation of the customer mask. SGS-THOM- 
SON sales organization will provide detailed infor- 
mation on contractual points. 


ST60YYB6/XX 


Device os 
Package 


Device : ST6010, ST6011, ST6012, ST6013, ST6014 


Package: B:Pin Plastic Dual-in-Line, M:Plastic SO 
Temperature range : — 40°C to 85°C 6 
Temperature range : — 40°C to 110°C 7 


Customer ROM Code 
Temperature Range 


| | 


Marking : it is by default equivalent to the sales type (part number). If a special marking is required see at- 


tached option list chart. 
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$T6010/11/12/13/14 


Temperature range: — 40°C to 85°C 6 
Temperature range : — 40°C to 110°C 7 


Marking : it is by default equivalent to the sales type (part number). If a special marking is required see at- 
tached option list chart. 
ST601X MICROCONTROLLER OPTION LIST 
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Device [] (d) 

Package [] (p) 

Temperature Range [] (t) 

For marking one line with 11 characters maximum is possible 
Special Marking[](y/n) Line 1"... " (M) 

[d] 1 = ST6010, 2 = ST6011, 3 = ST6012, 4 = ST6013, 5=ST6014 
[p] B = Plastic Dual in Line, M = Plastic SO 


(t) 6 = — 40 to 85°C 
7==4010 110°C 
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8 BIT HOCMOS MCUs WITH A/D CONVERTER & LCD DRIVER 


8-BIT ARCHITECTURE 

STATIC HCMOS OPERATION 

3.0 TO 6.0 V SUPPLY OPERATING RANGE 

3.25US TCYCLE (with 4 MHz clock) 

RUN, WAIT & STOP MODES 

USER ROM : 3876 BYTES 

RESERVED ROM : 220 BYTES 

DATA ROM : 64 BYTES 

DATA RAM : 64 BYTES 

44-PIN PLASTIC PLCC PACKAGE (ST6040) 

48-PIN PLASTIC DUAL IN LINE PACKAGE 

(ST6041) 

15  PUSH-PULL BIDIRECTIONAL __IN- 

PUTS/OUTPUTS WITH 5mA DRIVING CAPA- 

BILITY (ST6040) 

» 16 PUSH-PULL BIDIRECTIONAL _ IN- 
PUTS/OUTPUTS WITH 5mA DRIVING CAPA- 
BILITY (ST6041) 

» TWO 8-BIT COUNTER WITH A 7-BIT PRO- 
GRAMMABLE PRESCALER (Timer) 

=» DIGITAL SOFTWARE ACTIVATED WATCH- 
DOG/TIMER (DSWD) 

s 8-BIT A/D CONVERTER WITH 3 ANALOG IN- 
PUTS 

=» 18 LINES LCD DRIVER WITH 2:1 MULTIPLEX- 
ING (36 segments driving, ST6040) 

s» 20 LINES LCD DRIVER WITH 2:1 MULTIPLEX- 

ING (40 segments driving, ST6041) 

ONE EXTERNAL RISING EDGE SENSITIVE IN- 

TERRUPT INPUT (ST6040) 

mw ONE EXTERNAL FALLING EDGE SENSITIVE 
INTERRUPT INPUT (ST6041) 

a ON-CHIP CLOCK OSCILLATOR 

=» POWER-ON RESET 

» BYTE EFFICIENT INSTRUCTION SET 

a 


BIT TEST AND JUMP INSTRUCTIONS 
WAIT, STOP AND BIT MANIPULATION IN- 
STRUCTIONS 

» TRUELIFO 4 LEVEL STACK 

» 9 POWERFUL ADDRESSING MODES 

m THE ACCUMULATOR, THE X, Y, V&W REG- 
ISTERS, THE PORT AND PERIPHERALS 
DATAYCONTROL REGISTERS ARE AD- 
DRESSED IN THE DATA SPACE AS RAM LO- 
CATIONS 

a THE DEVELOPMENT TOOL OF THE ST604X 
MICROCONTROLLERS CONSISTS OF THE 
EMS6-HW/B4X EMULATION AND DEVELOP- 


June 1989 


PRELIMINARY DATA 


MENT SYSTEM CONNECTED VIA A STAND- 
ARD RS232 SERIAL LINE TO AN MS-DOS PC 
» ST60R4X IS THE ROMLESS VERSION 


PLCC44 


(Order Codes at the end of the datasheet) 
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Figure 1 : ST6040 Pin Configuration. 


ST6Q40 


Figure 2 : ST6041 Pin Configuration. 


48 | | OSCOUT 


ST6041 


27[] St/TEsT 


v000145 
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GENERAL DESCRIPTION 


The ST6040 and ST6041 microcontrollers are 
powerful members of the 8-bit HCMOS ST60XX 
family, a series of devices oriented to low-medium 
complexity applications. All ST60XX members are 
based on a building block approach : to a common 
core is associated a combination of on-chip periph- 
erals (macrocells) available from a standard library 
to form around the core all the existing and future 
ST6 devices. These peripherals are designed with 
the same core technology giving full compatibility, 


Figure 3 : ST6040 and ST6041 Block Diagram. 


RESERVED 
220 BYTES 


INTERRUPT 
DATA ROM 
64 BYTES 


USER PROGRAM DATA RAM 
ROM 64 BYTES 
3876 BYTES 


8-BIT 
CORE 


Vpp Vss OSCIN OSCOUT RESET 


S1T6040/41 


short design and testing time. The macrocells of the 
ST6040/ST6041 are : two Timers each including an 
8-bit counter with a 7-bit software programmable 
prescaler (Timer), the 8-bit A/D Converter with 3 
analog inputs, the liquid crystal display driver (LCD) 
with 18x2 (ST6040) and 20x2 (ST6041) lines (36/40 
segments), the software activated digital watch- 
dog/timer (DSWD). Thanks to these peripherals the 
ST6040/ST6041 are well suited to consumer, auto- 
motive and industrial controls applications. 


PORT A a, PAO—PA7 


PORT B 


=) PBO-PB6 PB7 ° 


TIMER 1 © TIMER* 


TIMER 2 


8-BIT A/D 
A1-A 
CONVERTER 3 ? 
eS. S1/TEST.S2-S18 $19" ,S20° 
ORIVER O COM1.COM2 
DIGITAL 
WATCHDOG/TIMER 


AVAILABLE ON ST6041 ONLY V000313 
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PIN DESCRIPTION 


Vpp and Vss. Power is supplied to the MCU using 
these two pins. Vpp is power and Vsgs Is the ground 
connection. 


OSCIN, OSCOUT. These pins are internally con- 
nected with the on-chip oscillator circuit. A crystal 
quartz or a ceramic resonator has to be connected 
between these two pins in order to allow a right oper- 
ating of the MCU. The OSCIN pin is the input pin, 
the OSCOUT pin is the output pin. 


RESET. The active low RESET pin is used to rest- 
art the microcontroller at the beginning of its pro- 
gram. 


INT. The INT pin provides the capability for asyn- 
chronous applying an external interrupt to the 
MCU.This pin is rising edge sensitive on ST6040 
and falling edge sensitive on ST6041. 


PAO-PA7. These 8 lines are organized as one I/O 
port (A). Each line may be configured as either an 
input or an output under software control of the data 
direction register. Port A has a push-pull output con- 
figuration with 5mA drive capability and schmitt trig- 
ger inputs. 

PBO-PB6,PB7 (*). These 8 lines are organized as 
one I/O port (B). Each line may be configured as 
either an input or an output under software control 
of the data direction register. Port B has a push-pull 


output configuration with 5mA drive capability and 
schmitt trigger inputs. (*) PB7 is available only on 
ST6041. 


TIMER (*). This is the Timer 1 I/O pin. In input mode 
it is connected to the prescaler and acts as external 
timer clock (DOUT=TOUT=0) or as control gate for 
the internal timer clock (DOUT=1, TOUT=0). In the 
output mode the timer pin outputs the data bit when 
a time out occurs. (*) This pin is available only on 
316041. 


A1-A3. These pins are the analog inputs for the on- 
chip 8-bit A/D converter. The user can select by soft- 
ware which analog channel has to be converted. 


COM1, COM2. These two pins are the LCD periph- 
eral common outputs. They are the outputs of the 
on-chip backplane voltage generator which is used 
for multiplexing the 18/20 LCD lines allowing 36/40 
segments driving. 

S1/TEST. This pin is the LCD driver segment 1 out- 
put but also enables the factory test mode if tied low 
when Reset is active. The test mode is used to 
place the MCU into special operating mode. 
$2-S18,S19(*),S20(*). These pins are the LCD 
driver segments outputs 2 to 20. (*) S19 and S20 
are available only on ST6041. 
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ST60XX CORE 


The Core of the ST60XX Family is implemented in- 
dependently from the I/O or memory configuration. 
Consequently, it can be treated as an independent 
central processor communicating with I/O and 
memory via internal addresses, data, and control 
buses. The in-core communications are arranged 


Figure 4 : ST60XX Core Block Diagram. 


3 16040/41 


as shown in the following block diagram figure; the 
controller being externally linked to both the reset 
and the oscillator while the core is linked to the dedi- 
cated on-chip macrocells peripherals via the serial 
data bus and indirectly for interrupt purposes, 
through the control registers. 


O TO 4MHz 
INTERRUT 


DATA |SPACE 


CONTROL 


FLAG SIGNALS 


VALUES 


A-DATA B-DATA 


INPUT/OUTPUT PORT 


The ST6040 and ST6041 microcontrollers have re- 
spectively 15 and 16 Input/Output lines that can be 
individually programmed either in the input mode or 
the output mode. The lines are organized in two 
ports (port A,B). The ports occupies four registers in 
the data space there being two registers, the DATA 
registers (DRA, DRB), used to read the logic level 
values of the lines programmed in the input mode 


DEDICATIONS 


ADDRESS DATA 
i a oe 
ADDRESS/READ LINE 


DATA 
RAM 


ACCUMULATOR 


| RESULTS TO DATA SPACE 
__, (WRITE LINE) 


V0001 76 


or to write the logic value of the signal to be output 
on the lines configured in the output mode, and two 
DATA DIRECTION registers (DDRA, DDRB), that 
allow the selection of the direction of each pin (input 
or output). In input mode the data register remains 
unchanged as the logic value at port pins is read di- 
rectly into the shift register of the port macrocell. 
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TIMERS 


The ST6040 and ST6041 offer two on-chip Timer 
peripherals each consisting of an 8-bit counter with 
a 7-bit programmable prescaler, thus giving a maxi- 
mum count of 2'°, and a control logic that allows 
configuring the peripheral in three operating modes. 
Timer 1 of ST6041 has the external TIMER pin avail- 
able for the user. The content of the 8-bit counter 
can be read/written in the Timer/Counter register 


TCR that can be addressed in the data space as 
RAM location at the 13H (timer 1) and 16H (timer 2) 
addresses. The state of the 7-bit prescaler can be 
read in the PSC register at the 12H (timer 1) and 
15H (timer 2) addresses. The control logic device 
can be managed thanks to the TSCR register (14H 
timer 1 and 17H timer2 addresses). 


SOFTWARE ACTIVATED DIGITAL WATCHDOG/TIMER 


The software activated digital watchdog/timer con- 
sists of a down counter that can be used to provide 
a controlled recovery from a software upset or asa 
simple 7-bit timer for general purpose counting. The 
watchdog/timer is using one data space register 
(DSWDR location 18H). The watchdog register is 
set to FEH after reset and the watchdog function is 
disabled. If the user is using the cell as a watchdog 


8-BIT A/D CONVERTER 


The ST6040 and ST6041 A/D converter is an 8-bit 
analog to digital converter with 3 analog inputs offer- 
ing 8-bit resolution with + 1/2 bit of linearity and a 
conversion time of 150uS (clock frequency of 
4MHz). 


LIQUID CRYSTAL DISPLAY DRIVER LCD 


The Liquid Crystal Display Driver macrocell is based 
onan eight segment driver which can be multiplexed 
by the use of two backplanes. The ST6040 and 


the watchdog time can be programmed using the 6 
MSBits in the Watchdog/timer register; if the user 
selects the timer option there are 7 available counter 
bits. This is because when the cell is used as watch- 
dog function bit 1 of the register is used for mana- 
ging the watchdog. The check time can be set 
differently for different routines within the general 
program. 


The ST6040 and ST6041 A/D peripheral converts 
by a process of successive approximations using a 
clock frequency from 100 to 500Khz. The clock is 
derived from the oscillator with a division factor of 
twelve. 


ST6041 LCD allows two-lines multiplexed operation 
of 18 and 20 segments pair allowing direct driving 
of 36/40 segments. 


DEVELOPMENT SUPPORT & EMULATION SYSTEM 


The ST60XX development system offers powerful 
in-circuit emulator and easy-to-use sets (dedicated 
boards) of modular hardware and software tools to 
shorten the total system development time of the 
final application. The ST60XX emulator offers emu- 
lation power with plug-in flexibility in the selection of 


emulation hardware modules for the dedicated mac- 
rocells. The emulator can be interfaced with a stand- 
ard RS232 serial link to industry standard MS-DOS 
personal computers. The ST60R4X romless version 
is also available to provide flexibility in prototypes or 
pre-production. 
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ABSOLUTE MAXIMUM RATINGS 


This product contains devices to protect the inputs mended that Vi and Vo must be higher than Vss and 
against damage due to high static voltages, how- smaller than Vpp. Reliability is enhanced if unused 
ever it is advised to take normal precaution to avoid inputs are connected to an appropriated logic volt- 
application of any voltage higher than maximum age level (Vpp or Vss). 

rated voltages. For proper operation it is recom- 


[Symbol] —~S~*~S svat SSSC*~“~dtCS*~<CS*~S tw dC 
Tl | Curent Drain per Pin Excuang Vo @Ves——SSSC~C~‘iSSSSC | 


Notes: 1 MIL 883B Mode, 100pF through 1.5KQ 
2 Stresses above those listed as “absolute maximum ratings” may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these conditions is not implied. Exposure to maximum rating condi- 
tions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 


[Symbol] Parameter | Test Conditions | win. | Typ. | 

s| 1s 
7 Version — 40 110 °C 

| Voo | Operating Supply Voltage =| | 

| fosc | Oscillator Frequency | Von =45-60V | 

| fosc | po 

LZ) 


fosc Oscillator Frequency Vop =3.5V 
Oscillator Frequency Vop =3.0V 


AVpp | Analog Supply Voltage Vss 
AVss 


Note : On ST6040/ST6041 AVpp and AVss are internally connected to digital Vss and Vpp 


THERMAL CHARACTERISTICS 


Rthy-ay | Thermal Resistance P-DIP Max. 65 °C/W 
PLCC 85 


7/12 
fey, SGS-THOMSON 
‘T/ wicnozecrromics 

793 


ST6040/41 


POWER CONSIDERATIONS 


The average chip-junction temperature, Tj, in Cel- 
sius can be obtained from : 


Tj = TA+PD x RthJA 


the device is configured to drive darlington bases or 
sink LED loads. An approximate relationship be- 
tween PD and TJ (if Pport is neglected) is : 


PD = K (TJ + 273). 
Solving previous equations gives: 
K = PD x (TA + 273) + RthJA x PD* 


where K is constant pertaining to the particular part. 
K can be determined from the equation by measur- 
ing PD for a know TA. Using this value of K the 
values of PD and TJ can be obtained by solving first 
equations iteratively for any value of TA. 


where : TA = Ambient Temperature, 


RthJA = Package thermal resistance (junc- 
tion-to-ambient, 


PD = Pint + Pport, 
Pint = Ipp x Vpp (chip internal power), 


Pport = Port power dissipation (determined 
by the user). 


For most applications, Pport < Pint and the former 
can be neglected. Pport may become significant if 


DC ELECTRICAL CHARACTERISTICS 
Ta =— 40 to 85°C unless otherwise specified. 


All 1/0 Lines Vpp = 3.0V 
Vop = 4.5V 
Vpop =55V 


All 1/0 Lines Vpp = 3.0V 
Vop = 4.5V 
Vop = 5.5V 


All 1/0 Lines Vpp = 3.0V 
Vop =4.5V 
Vop = 5.5V 


RESET PIN Vpp =3.0V 
Vop = 4.5V 
Vpp = 9.5V 


Vop =30V 
Vop = 4.5V 
Vop = 5.5V 


RESET PIN Vpp =3.0V 
Vop =4.5V 
Vpp = 5.5V 


Vion = 3 0V 
Vpp = 4.5V 
Vpp = 5.5V 


All I/O Lines lo < 1A 
Vpp =3.0V 
Vpp = 5.5V 


All 1/O Lines lo. < 5mA 
Vop =4.5V 
Vop = 5.5V 


All I/O Lines lo < 1ptA 
Vop =3.0V 
Vop = 5.5V 


All I/O Lines lon =— 5mA 
Vpop = 45V 
Vpp = 55V 


Negative Threshold 


Hysteresis Voltage 


Input Low Level Voltage 


Input Low Level Voltage INT PIN 


Input High Level Voltage 


oe HO ONS Sons 
Roo =0M7/OHR=!NMO 


INT PIN 


Input High Level Voltage 


Low Level Output Voltage 


Low Level Output Voltage 


High Level Output Voltage 


High Level Output Voltage 


oN) o1 po ere 
& On oer 
one) iano) On es 
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DC ELECTRICAL CHARACTERISTICS (continued) 


All Digital Inputs 

Vin = Vop or Vss 
Vpop =3.0V 
Vpp = 5 5V 


Input Leakage Current All A/D Conv. Inputs 
Vin = Vpp or Vss 
Vop =3.0V 
Vop =55V 


Trigger Level ON Voltage 


Trigger Level ON Voltage 


Supply Current RUN Mode ILoad = OMA 
Fosc = 0.5MHzZ 
Vop =3.0V 
Fosc = 4MHz 
Vop = 5.5V 


Supply Current WAIT Mode ILoad = OmA 
Fosc = 0.5MHz 
Vop = 3.0V 
Fosc = 4MHz 
Vpp = 5.5V 
Supply Current STOP Mode Note ILoad = OmA 
Vop = 3.0V 
Vop = 5.5V 


AC ELECTRICAL CHARACTERISTICS 
T, =— 40 to 85°C unless otherwise specified. 


Crystal or External Clock 
Vop =3.0V 
Vpop =4.5V 
Vop =5.5V 


10 
a 0 
Cour [Output Capacitance aroupupms ———*+| +i) its | or 
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A/D ELECTRICAL CHARACTERISTICS 
Ta =— 40 to 85°C unless otherwise specified. 


Test Conditions 
Resolution aaa 


Non Linearity Max Deviation from the Best 
Straight Line 

Quantization Error Uncertainly due to converter 
resolution. 


: 
FSR 


conversion Range | SSSCSCS~dC 


Conversion result when cor 
Vv; = AVss. 
V; =AVpp. 
AVpp 


Analog Input Capacitance 
Analog Source Impedance 
Analog Refer. Supply Imped. 


Notes: 1 With oscillator frequencies less than 1 2MHz, the A/D converter accuracy is decreased 
2. In ST6040/ST6041 Devices Analog Vss and Vpp are internally connected to digital Vss and Vop 


TIMER CHARACTERISTICS 
Ta = — 40 to 85°C unless otherwise specified. 


[Symbol] Parameter | Test Conditions | win. | Typ. | Max. | Unit 


Res Resolution lt 40 Ss 
fo 
fin Input Frequency at TIMER Pin | Vpp =3.0V 1/4 fosc MHz 
Vop = 4.5V 


Note : Timer pin ts available only on ST6041 timer 1. 
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LCD DRIVER CHARACTERISTICS 
Ta =— 40 to 85°C unless otherwise specified. 


ORDERING INFORMATION 


The following chapter deals with the procedure for 
transfer the Program/Data ROM codes to SGS- 
THOMSON. 

Communication of the ROM codes. To communi- 
cate the contents of Program/Data ROM memories 
to SGS-THOMSON, the customer has to send two 
2764 EPROM that must be programmed as follows: 
OOO0H-007FH Reserved (Should be filled with FFH) 
OO80H-OF9FH User program 

OFAOH-OFFBH Reserved (Should be filled with FFH) 


OFFCH Interrupt vector LOW byte 
OFFDH Interrupt vector HIGH byte 
OFFEH Reset vector LOW byte 
OFFFH Reset vector HIGH byte 


The Data ROM codes (64 Bytes) of the microcon- 
troller must be placed in the EPROM from: 


1140H-117FH 


[Parameter_——~(| ‘Test Conditions ‘| ‘Min. 
[tp | Backplane Frequency | Foso= 4MHz Voo =45V__| 80 _ 
FVOS | C Ofset Voltage =| Von =80V Von av | 
| Vow | Low Level Output Voltage hVop =45V0—<C si(i‘wLCi 

[High Level Output Voltage | Voo=45V |S 


$T6040/41 


All unused bytes must be set to FFH. For shipment 
to SGS-THOMSON the EPROMs should be 
placed in a conductive IC carrier and packaged 
carefully. 


Listing Generation & Verification. When SGS- 
THOMSON receives the EPROMs, they are com- 
pared and a computer listing is generated from 
them. This listing refers exactly to the mask that will 
be used to produce the microcontroller. Then the 
listing is returned to the customer that must thor- 
oughly check, complete, sign and return it to SGS- 
THOMSON. SGS-THOMSON will also program one 
2764 EPROM from the data file corresponding to 
the listing to help the customer in its verification. The 
signed listing constitutes a part of the contractual 
agreement for the creation of the customer mask. 
SGS-THOMSON sales organization will provide de- 
tailed information on contractual points. 
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ST6040 Part Number 
ST6040C6/XX 
Device eee Customer ROM Code 
Package Temperature Range 


Device : ST6040 
Package :C :44 PLCC 


Temperature range: —40°C to85'C 6 
— 40°C to 110°C 7 


Marking : it is by default equivalent to the sales type (part number). If a special marking is required see at- 
tached option list chart. 


ST6041 Part Number 


S16041B6/XX 
Device oe eee el ———————— Customer ROM Code 
Package Temperature Range 


Device : ST6041 
Package : B : 48 Plastic Dual-in-line 


Temperature range: —40°C to85°C 6 
—40°C to 110°C 7 


Marking : it is by default equivalent to the sales type (part number). If a special marking is required see at- 
tached option list. 


ST604X MICROCONTROLLER OPTION LIST 
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FOCKESS:  esetinesisesosceticen nai vieat edvacebicanssceeipnaeentelerneaiau ee ueavetnodasuede Soe tonud eal caaea no ae moenss 
COMACe Asean taceenecaieiciexeeueueisol sien ecu eeu odd esate cad dae Aue teeter neat 
PHOMEINO: “sai croueus ciedorecdis ai iandence pia sunte RMateadenebas liavonenas: Seuines cess asa en negia un agiliaueytnatteneadeann 
FRCIEIENCE..  -aniiacertuertahsccelahamertnaweneaticennanais eeted ne ita ver en lect eeee theese di dene ad eee ee eee 

Device [] (qd) 

Package [] (Pp) 

Temperature Range [] (t) 

For marking two lines with 10 characters maximum are possible 


Special Marking {](y/n) Lined"... "(M) 
LING 2 cece. ceataative "(M) 


[d] 1 = ST6040, 2 = ST6041 
[p] B=Plastic Dual in Line, C = PLCC 
(t)6=—40 to 85°C 
7=-—40t0 110°C 
(M) Letters, digits, ’.’, -’, ” and spaces only 
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8 BIT HCMOS MICROCONTROLLERS 


8-BIT ARCHITECTURE 

STATIC HCMOS OPERATION 

3.0 TO 6.0V SUPPLY OPERATING RANGE 
3.25US TCYCLE (with 4MHz clock) 

RUN, WAIT & STOP MODES 


USER ROM : 3876 BYTES 
RESERVED ROM : 220 BYTES 
DATA ROM : 64 BYTES 
DATA RAM : 64 BYTES 


30 PUSH-PULL BIDIRECTIONAL __IN- 
PUTS/OUTPUTS WITH 5mA DRIVING CAPA- 
BILITY (ST6050) 

33 PUSH-PULL BIDIRECTIONAL __IN- 
PUTS/OUTPUTS WITH 5mA DRIVING CAPA- 
BILITY (ST6051) 

27 PUSH-PULL BIDIRECTIONAL __IN- 
PUTS/OUTPUTS WITH 5mA DRIVING CAPA- 
BILITY (ST6052) 

TWO 8-BIT COUNTER WITH A 7-BIT PRO- 
GRAMMABLE PRESCALER (Timer) 

DIGITAL WATCHDOG/TIMER (HARDWARE 
OR SOFTWARE ACTIVATED) 

8-BIT A/D CONVERTER WITH 3 (ST6050/52) & 
4 (ST6051) ANALOG INPUTS 

ONE AC INPUT PREAMPLIFIER WITH FEED- 
BACK OUTPUT 

ONE EXTERNAL INTERRUPT INPUT (level or 
edge triggered) 

ON-CHIP CLOCK OSCILLATOR 

POWER-ON RESET 

44 PIN PLCC PLASTIC PACKAGE (ST6050) 
48 PIN DUAL-IN-LINE PLASTIC PACKAGE 
(ST6051) 

40 PIN DUAL-IN-LINE PLASTIC PACKAGE 
(ST6052) 

SAME ST60XX INSTRUCTION SET 

BYTE EFFICIENT INSTRUCTION SET 

BIT TEST AND JUMP INSTRUCTIONS 

WAIT, STOP AND BIT MANIPULATION IN- 
STRUCTIONS 

TRUE LIFO 4 LEVEL STACK 


» 9 POWERFUL ADDRESSING MODES 
a THE ACCUMULATOR, THE X, Y, V & W REG- 


ISTERS, THE PORT AND PERIPHERALS 
DATA/CONTROL REGISTERS ARE AD- 
DRESSED IN THE DATA SPACE AS RAM LO- 
CATIONS 


June 1989 


PRELIMINARY DATA 


» THE DEVELOPMENT TOOL OF THE ST605X 


MICRONTROLLERS FAMILY CONSISTS OF 
THE EMS6-HW/B5X1X EMULATION AND DE- 
VELOPMENT PACKAGE CONNECTED VIA A 
STANDARD RS232 SERIAL LINE TO AN IBM 
PC 


a» ST60R5X IS THE ROMLESS VERSION 


fi 
# 


RS fa 


PLCC-44 


(Order Codes at the end of the datasheet) 
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Figure 1 : ST6050 Pin Configuration. 


ST6050 


Figure 2 : ST6051 Pin Configuration. 
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Figure 3 : ST6052 Pin Configuration. 
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GENERAL DESCRIPTION 


The ST6050, ST6051 and ST6052 microcontrollers 
are powerful members of the 8-bit HCMOS ST60XX 
family, a series of devices oriented to low-medium 
complexity applications. All ST60XX members are 
based on a building block approach : to a common 
core is associated a combination of on-chip periph- 
erals (macrocells) available from a standard library 
to form around the core all the existing and future 
ST6 devices. These peripherals are designed with 
the same core technology giving full compatibility, 


Figure 4 : ST605X Block Diagram. 


O) 
ie | 
RESERVED 
220 BYTES DATA ROM 
64 BYTES 
USER PROGRAM DATA RAM 
ROM 64 BYTES 
3876 BYTES 


POWER 
SUPPLY OSCILLATOR RESET 
O O 


O O O 
Vpp Vss OSCIN OSCOUT RESET 


INT SELLE 
O 


short design and testing time. The macrocells of the 
ST605X are : two Timers each including an 8-bit 
counter with a 7-bit software programmable pres- 
caler (Timer), the digital watchdog/timer (DWD, 
hardware or software activated), the 8-bit A/D Con- 
verter with 3 (ST6050/52) or 4 (ST6052) analog in- 
puts, one AC input operational amplifier with 
feedback output (AC1). Thanks to these peripherals 
the ST605X are well suited to consumer, automo- 
tive and industrial controls applications. 


PORT A (—_) PAO-PA7° 
PORT B cc PBO-PB7 ° 
PORT C ___) PCO-TEST PC1.-PC7* 
PORT D (~_) PDO-PD7° 
PE4* 


© TIMER 


8-BIT A/D 
CONVERTER 


(J Al-A4a° 


* REFER TO PIN DESCRIPTION FOR ADDITIONAL INFORMATION 
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PIN DESCRIPTION 


VDD and VSS. Power is supplied to the MCU using 
these two pins. VDD is power and VSS is the ground 
connection. 


OSCIN, OSCOUT. These pins are internally con- 
nected to the on-chip oscillator circuit. A crystal 
quartz or a ceramic resonator has to be connected 
between these two pins in order to allow a right oper- 
ating of the MCU. A signal can be also provided to 
the OSCIN pin as external clock. The OSCIN pin is 
the input pin, the OSCOUT pin is the output pin. 


RESET. The active low RESET pin is used to rest- 
art the microcontroller to the beginning of its pro- 
gram. Refer to RESET description for additional 
information. 


INT. The INT pin provides the capability for asyn- 
chronous applying an external interrupt to the MCU. 
This pin can be low level or rising edge sensitive, 
the sensitivity is programmed through the SELLE 
pin. (On ST6052 the interrupt sensitivity is fixed as 
rising edge). 

SELLE. This pin selects between low level 
(SELLE=0) and rising edge (SELLE=1) interrupt pin 
sensitivity. 


PAQ-PA7. These 8 lines are organized as one |/O 
port (A). Each line may be configured as either an 
input or an output under software control of the data 
direction register. Port A has a push-pull output con- 
figuration with 5mA drive capability and schmitt trig- 
ger inputs. 


PBO(*), PB1(*),PB2-PB7(*). These 8 lines are orga- 
nized as one I/O port (B). Each line may be con- 
figured as either an input or an output under 
software control of the data direction register. Port B 
has a push-pull output configuration with 5mA drive 
capability and schmitt trigger inputs. (“) PB7 is not 
available on ST6050/52. PBO and PB1 are not avail- 
able on ST6052. 


PCO/TEST,PC1-PC2, PC3(*)-PC7. These 8 lines 
are organized as one I/O port (C). Each line may be 
configured as either an input or an output under soft- 
ware control of the data direction register. Port C 
has a push-pull output configuration with 5mA drive 
capability and schmitt trigger inputs. PCO also en- 
ables the factory test mode if tied low when Reset 
is active. The Test mode is used to place the MCU 


into a special operating mode.(*) PC3 is not avail- 
able on ST6050 


PDO(*), PD1(*), PD2-PD7. These 8 lines are orga- 
nized as one I/O port (D). Each line may be con- 
figured as either an input or an output under 
software control of the data direction register. Port D 
has a push-pull output configuration with 5mA drive 
capability and schmitt trigger inputs. PDO and PD1 
are not available on ST6052. 


PE4(*),PE5. These 2 lines are organized as one I/O 
port (E). This port has only two valid bits. PE4 is con- 
nected to a pin and can be used as any other I/O 
line. PE4 may be configured as either an input or an 
output under software control of the data direction 
register. PE4 has a push-pull output configuration 
with 5mA drive capability and schmitt trigger input. 
PE5 does not have the output buffer and is con- 
nected to the digital output of the sensing device 
AC1. This allows the user to read the AC compara- 
tor output digital signal by reading the data register 
of the I/O port, bit 5. The data direction register bit 
related to PE5 must be cleared to zero (input mode). 
PE5 is not connected to a pin. PE4 is not available 
on ST6050/52. 


TIMER. This is the Timer 1 I/O pin. In input mode it 
is connected to the prescaler and acts as external 
timer clock (DOUT=TOUT=0) or as control gate for 
the internal timer clock (DOUT=1,TOUT=0). In the 
output mode the timer pin outputs the data bit when 
a time out occurs. 


A1-A3, A4(*). These 4 pins are the analog inputs for 
the on-chip 8-bit A/D converter. The user can select 
by software which analog channel has to be con- 
verted. A4 is not available on ST6050/52. 


WDON. This pin selects the watchdog enable op- 
tion (HW or SW). A low level selects the hardware 
activation (watchdog always active), an high level 
selects the software activation (the watchdog can 
be enabled by software, deactivated by reset). 


ACIN. This pin is the analog input signal of the 
operational preamplifier AC1. 


ACFB. This pin is the output of the on-chip oper- 
ational preamplifier; this output pin allows the user 
to fix the amplifier gain by external resistors. 
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ST60XX CORE 


The Core of the ST60XX Family is implemented in- 
dependently from the I/O or memory configuration. 
Consequently, it can be treated as an independent 
central processor communicating with I/O and 
memory via internal addresses, data, and control 
buses. The in-core communications are arranged 


Figure 5 : ST60XX Core Block Diagram. 


as shown in the following block diagram figure; the 
controller being externally linked to both the reset 
and the oscillator while the core is linked to the dedi- 
cated on-chip macrocells peripherals via the serial 
data bus and indirectly for interrupt purposes, 
through the control registers. 


O TO 4MHz 
INTERRUT 


DATA |SPACE 


CONTROL 


OPCODE FLAG 
VALUES 


PROGRAM 
ROM 


A-DATA 


INPUT/OUTPUT PORT 


The ST6050, ST6051 and ST6052 microconirollers 
have respectively 30, 33 and 27 Input/Output lines 
that can be individually programmed either in the 
input mode or the output mode. The lines are or- 
ganized in five ports (port A-E). The ports occupies 
ten registers in the data space there being five reg- 
isters, the DATA registers (DRA-E), used to read the 
logic level values of the lines programmed in the 


SIGNALS 


DEDICATIONS 


ADDRESS 
DECODER 256 ) 


ADDRESS/READ LINE 
| 


B-DATA 


ACCUMULATOR 


| RESULTS TO DATA SPACE 
__ QWRITE LINE) 


V000176 


input mode or to write the logic value of the signal 
to be output on the lines configured in the output 
mode, and five DATA DIRECTION registers 
(DDRA-E), that allow the selection of the direction 
of each pin (input or output). In input mode the data 
register remains unchanged as the logic value at 
port pins is read directly into the shift register of the 
port macrocell. 
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TIMERS 


The ST605X offer two on-chip Timer peripherals 
each consisting of an 8-bit counter with a 7-bit pro- 
grammable prescaler, thus giving a maximum count 
of 2'°, and acontrol logic that allows configuring the 
peripheral in three operating modes. Timer 1 has 
the external TIMER pin available for the user. The 
content of the 8-bit counter can be read/written in 
the Timer/Counter register TCR that can be ad- 


DIGITAL WATCHDOG/TIMER 


The ST605X watchdog/timer offers both of the 
watchdog options software activated watch- 
dog/timer and the hardware activated watchdog 
function. The user can select one of the two options 
simply by applying an appropriate logic level to the 
WDON pin. A low level will select the hardware op- 
tion which means the watchdog is always enabled, 
while a high logic level will select the software op- 
tion so that the watchdog is software activated. The 
hardware activated digital watchdog function con- 
sists of a down counter that is automatically in- 


8-BIT A/D CONVERTER 


The ST605X A/D converter is an 8-bit analog to digi- 
tal converter with 3/4 analog inputs offering 8-bit res- 
olution with + 1/2 bit of linearity and a conversion 
time of 150uS (clock frequency of 4MHz). 
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dressed in the data space as RAM location at the 
13H (timer 1) and 16H (timer 2) addresses. The 
state of the 7-bit prescaler can be read in the PSC 
register at the 12H (timer 1) and 15H (timer 2) ad- 
dresses. The control logic device can be managed 
thanks to the TSCR register (14H timer 1 and 17H 
timer2 addresses). 


itialized after reset so that this function does not 
need to be activated by the user program. As the 
watchdog function is always activated this down 
counter can’t be used as a timer. The software ac- 
tivated digital watchdog/timer consists of a down 
counter that can be used to provide a controlled re- 
covery from a software upset or as a simple 7-bit 
timer for general purpose counting. The watch- 
dog/timer is using one data space register (DWR lo- 
cation 18H). 


The ST605X A/D peripheral converts by a process 
of successive approximations using a clock fre- 
quency from 100 to 500kHz. The clock is derived 
from the oscillator with a division factor of twelve. 


AC INPUT PIN WITH OPERATIONAL PREAMPLIFIER 


The ST605X AC1 input is a sensing device for 
analog voltage signals that can be processed by the 
core. This macrocell consists of an operational am- 
plifier and a schmitt trigger to generate logic pulses. 
The AC1 can be switched off by using the STOP in- 
struction. The operation point of the operational am- 
plifier is internally setto 1/2Vpp. The amplified signal 
is compared with an internal reference of 0.29Vpp 


with an hysteresis of + 0.02Vpbp. If the amplified input 
signal is greater than the internal reference, the digi- 
tal output is low and vice-versa. The output of the 
amplifier is connected to a pin (ACFB); through this 
pin the user can fix the gain of the amplifier by ex- 
ternal resistors and can also set the threshold level 
at which the comparator switches. 


DEVELOPMENT SUPPORT & EMULATION SYSTEM 


The ST60XX development system offers powerful 
in-circuit emulator and easy-to-use sets (dedicated 
boards) of modular hardware and software tools to 
shorten the total system development time of the 
final application. The ST60XX emulator offers emu- 
lation power with plug-in flexibility in the selection of 


emulation hardware modules for the dedicated mac- 
rocells. The emulator can be interfaced with a stand- 
ard RS232 serial link to industry standard MS-DOS 
personal computers. The ST60R5X romless version 
is also available to provide flexibility in prototypes or 
pre-production. 
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ABSOLUTE MAXIMUM RATINGS 


This product contains devices to protect the inputs mended that Vi and Vo must be higher than Vss and 
against damage due to high static voltages, how- smaller than Vpp. Reliability is enhanced if unused 
ever it is advised to take normal precaution to avoid inputs are connected to an appropriated logic volt- 
application of any voltage higher than maximum age level (Vpp or Vss). 

rated voltages. For proper operation it is recom- 


| lo | Current Drain per Pin Excluding Von &Vss_ | 1 |_ml 
ESD Susceptibility 
C 


Notes: 1 MIL 883B Mode, 100pF through 1.5KQ 
2. Stresses above those listed as "absolute maximum ratings" may cause permanent damage to the device. This Is a stress 
rating only and functional operation of the device at these conditions 1s not implied. Exposure to maximum rating condi- 
tions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 


Operating Supply Voltage 

Oscillator Frequency Vop = 4.5 — 6.0V 
Oscillator Frequency 

Oscillator Frequency 


AVpp | Analog Supply Voltage Vss 
AVss 


Note : On ST605X AVpp and AVsgs are internally connected to digital Vss and Vpp 


THERMAL CHARACTERISTICS 
Rthis-a) | Thermal Resistance P-DIP 40 


P-DIP 48 
PLCC 
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POWER CONSIDERATIONS 


The average chip-junction temperature, Tj, in Cel- the device is configured to drive darlington bases or 
sius can be obtained from : sink LED loads. An approximate relationship be- 
Tj =TA +PD x RthJA tween PD and TJ (if Pport is neglected) is : 
Where :TA = Ambient Temperature, PD = K (Td + 273). 
RthJA = Package thermal resistance (junc-  S0lving previous equations gives: ; 
tion-to-ambient, K = PD x (TA + 273) + RthJA x PD 
PD = Pint + Pport, where K is constant pertaining to the particular part. 


K can be determined from the equation by measur- 
ok ing PD for a know TA. Using this value of K the 
Pport = Port power dissipation (determined by the —_ values of PD and TJ can be obtained by solving first 
user). equations iteratively for any value of TA. 

For most applications, Pport << Pint and the former 

can be neglected. Pport may become significant if 


Pint = lbp xX Vpp (chip internal power), 


DC ELECTRICAL CHARACTERISTICS 
Ta =— 40 to 85°C unless otherwise specified. 


All /O Lines Vpp = 3.0V 

Vop = 4.5V 

Vop = 5.5V 

Negative Threshold All I/O Lines Vpp =3.0V 
Vpp = 4.5V 

Vop = 5.5V 

Hysteresis Voltage All 1/0 Lines Vpp = 3.0V 
Vop = 4.5V 

Vop =5.5V 

Input Low Level Voltage RESET PIN Vpp =3.0V 
Vop = 4.5V 

Vop = 5.5V 

Input Low Level Voltage INT PIN Vop =3.0V 
Vpop = 4.5V 

Vpp = 5.5V 


Input High Level Voltage RESET PIN Vpp =3.0V 


Vop = 4.5V 
Vop = 5.5V 
Input High Level Voltage INT PIN Vpp =3.0V 
Vop = 4.5V 
Vop =5.5V 


Low Level Output Voltage All I/O Lines Io < 1nA 
Vpop = 3.0V 
Vop = 5.5V 


Low Level Output Voltage All I/O Lines lo. < 5mA 
Vpp = 4.5V 
Vpop = 5.5V 


High Level Output Voltage All 1/O Lines lo < 1L1A 
Vpp =3.0V 
Vop = 5.5V 

High Level Output Voltage All I/O Lines loy =— 5mA 
Vop = 4.5V 
Vpop = 5.5V 
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DC ra CHARACTERISTICS (continued) 


Symbol | «Parameter Test Conditions 


lic, iy | Input Leakage Current All Digital Inputs 
Vin = Vop or Vss 
Vop =3.0V 
Vpp = 5.5V 
lic, liq | Input Leakage Current All A/D Conv. Inputs 
Vin = Vpp or Vss 
Vop =3.0V 
Vop = 5.5V 


Trigger Level ON Voltage 


Trigger Level ON Voltage 


Supply Current RUN Mode ILoad = OmA 
F osc = 0.5MHz 
Vop =3.0V 
Fosc = 4MHz 
Vop = 5.5V 


Supply Current WAIT Mode ILoad = OmA * 
Fosc = 0.5MHz 
Vpop =3.0V 
Fosc = 4MHz 
Vop = 5.5V 


Supply Current STOP Mode Note ILoad = OmA 
Vpp = 3.0V 
Vop = 5.5V 


Note : STOP mode Is available only when watchdog/timer ts not enabled. 


AC ELECTRICAL CHARACTERISTICS 
T, =— 40 to 85°C unless otherwise specified. 


Crystal or External Clock 
Vpp =3.0V 
Vop = 4.5V 
Vop = 5.5V 


[ei apt Capactanco [inputs nsf || a0 fa 
Cour | Output Capacitance [Al output Pins Sid St | 
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A/D ELECTRICAL CHARACTERISTICS 
Ta = — 40 to 85°C unless otherwise specified. 


[Symbol] Parameter | Test Conditions | win. | typ. | Max. | Unit 
a 


Non Linearity Max Deviation from the Best 1/2 
Straight Line 

Quantization Error Uncertainly due to converter + 1/2 
ce ae 


a a Cr eae ame Se Ne Tee ae 
T te [conversion time | tose wamaz) ———S«dSSC*d ag 
[Yan | Cones ange fag [vee | 


Zero Input Reading ee result when Hex 
=AVss. 
Full Scale Reading Conversion result when 
= AVpp. 
AVss_ | Analog Reference 
AV op 


ee ee 
eo ee ae aoe ee eS 
[ssi_[ Analog Refer. Supply imped | ——=—S—S—S—S—S—Si dk 


Notes: 1. With oscillator frequencies less than 1.2MHz, the A/D converter accuracy Is decreased 
2. In ST605X Devices Analog Vss and Vpp are internally connected to digital Vss and Vpp. 


TIMER CHARACTERISTICS 
Ta =— 40 to 85°C unless otherwise specified. 


fin Input Frequency at TIMER Pin | Vpp =3.0V 1/4 fosc 
Vop = 4.5V 


Note : Timer pin Is available only on timer 1. 


LCD DRIVER CHARACTERISTICS 
Ta = — 40 to 85°C unless otherwise specified. 


[Symbol] Parameter | Test Conditions | win. | Typ. | Max | Unit 
[1p | Backplane Frequency | Fose = ANH Vop =a5v | 80 | 80 | 0 | We 
Vor | tow Lever Output vonage [Voo=4sv_—SSCiPSOSCid 
Vou | High Level Output Votage [Voo=asv Si SSSidY os 
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ORDERING INFORMATION 


The following chapter deals with the procedure for 
transfer the Program/Data ROM codes to SGS- 
THOMSON. 

Communication of the ROM codes. To communi- 
cate the contents of Program/Data ROM memories 
to SGS-THOMSON, the customer has to send two 
2764 EPROM that must be programmed as follows : 
OO00H-007FH Reserved (Should be filled with FFH) 
OO80H-OF9FH User program 

OFAOH-OFFBH Reserved (Should be filled with FFH) 


OFFCH Interrupt vector LOW byte 
OFFDH Interrupt vector HIGH byte 
OFFEH Reset vector LOW byte 
OFFFH Reset vector HIGH byte 


The Data ROM codes (64 Bytes) of the microcon- 
troller must be placed in the EPROM from : 


1140H-117FH 


All unused bytes must be set to FFH. For shipment 
to SGS-THOMSON the EPROMs should be placed 
in a conductive IC carrier and packaged carefully. 


Listing Generation & Verification. When SGS- 
THOMSON receives the EPROMs, they are com- 
pared and a computer listing is generated from 
them. This listing refers exactly to the mask that will 
be used to produce the microcontroller. Then the 
listing is returned to the customer that must thor- 
oughly check, complete, sign and return it to SGS- 
THOMSON. SGS-THOMSON will also program one 
2764 EPROM from the data file corresponding to 
the listing to help the customer in its verification. The 
signed listing constitutes a part of the contractual 
agreement for the creation of the customer mask. 
SGS-THOMSON sales organization will provide de- 
tailed information on contractual points. 
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ST6050 Part Number 
ST6050C6/XX 
Device ——..- $$ Customer ROM Code 
Package ——_— Temperature Range 


Device : ST6050 
Package : C : 44 PLCC 


Temperature range: — 40°C to 85°C 6 
— 40°C to 110°C 7 


Marking : it is by default equivalent to the sales type (part number). If a special marking is required see at- 
tached option list chart. 


ST6051 Part Number 


ST6051B6/XX 
Device es Customer ROM Code 
Package —————_ Temperature Range 


Device : ST6051 
Package : B : 48 Plastic Dual-in-line 


Temperature range : — 40°C to 85°C 6 
— 40°C to 110°C 7 


Marking : it is by default equivalent to the sales type (part number). If a special marking is required see at- 
tached option list chart. 


ST6052 Part Number 
ST6052B6/XX 


Device ss | | Customer ROM Code 
Package Temperature Range 
Device : ST6052 


Package : B : 40 Plastic Dual-in-line 


Temperature range : — 40°C to 85°C 6 
— 40°C to 110°C 7 


Marking : it is by default equivalent to the sales type (part number). If a special marking is required see at- 
tached option list chart. 
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ST605X MICROCONTROLLER OPTION LIST 


GUSIOMEGE: + vain tadesteressacicacsnatat oder cup cheat coh tat Pecwn wien se suisuteatwonceamesenasbosadiban asta heuaatssreasaeseneney 
POGICSS ee eer eten se thloleratw aie wach tacts eleuedabealsa Gatsateuartelotaneietaneeaanerewee cones 
GOMTACE aprile cea tecest dus acuta cena siusaneanstnah sean cs econ ane weal ane somata oen ee eaeta 
PHOMGSING:: . hacncivereecttentetuehe era eon uber acter ee niente ta pch ses on aiceac es tant ees dala cette neath salon nes 
FREFOTEIICE,-: mcdcnntessvad eer tecat ana vale wierd dae Soran dun sami des eames ne santeaeds od antes Poausaateed Gods oe imeetd 


Device [] (d) 

Package [] (Pp) 

Temperature Range [] (t) 

For marking two lines with 10 characters maximum are possible 
Special Marking [](y/n) = Line 1"... "(M) 


[d] 1=ST6050, 2=ST6051, 3=ST6052 
[p] B=Plastic Dual in Line, C=PLCC 


(t) 6 =— 40 to 85°C 
7 =—40to 110°C 


(M) Letters, digits, ’.’, ’-’, /” and spaces only 


SIGM athe: © sgeeeuc Mantel Ceeestan Ss eeeesss eee eee ee ao eae ee eee 
ate | eee cles cpanel Ae a caltaa eeeesaituita aust na etek add bententeimlad toa martomen se mnneaenanes 
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8 BIT HCMOS MICROCONTROLLERS WITH A/D 


8-BIT ARCHITECTURE 

HCMOS LOW POWER CONSUMPTION 
SINGLE POWER SUPPLY —- 3.0V TO 6.0V 
(ROM VERSION) 

1.625uS TCYCLE (with 8MHz clock) 

RUN, WAIT & STOP MODES 

5 DIFFERENT INTERRUPT VECTORS 
LOOK-UP TABLE CAPABILITY IN ROM 

USER ROM : 1828 BYTES (2K EPROM 
in ST62E10/15) 

220 BYTES 

USER SELECTABLE 
(physically in program ROM/EPROM) 

DATA RAM : 64 BYTES 

12/20 FULLY SOFTWARE PROGRAMMABLE 
INPUTS/OUTPUTS AS : 

INPUTS WITH OR WITHOUT INTERNAL PULL- 
UP RESISTORS 
INTERRUPT GENERATING 
PULL-UP RESISTORS 
OPEN-DRAIN OR PUSH-PULL OUTPUTS 
ANALOG INPUTS 

4 1/0 PINS CAN SINK 710MA FOR DIRECT LED 
DRIVING 

8-BIT COUNTER WITH A 7-BIT PROGRAMM- 
ABLE PRESCALER (Timer) 

DIGITAL WATCHDOG/TIMER (DWD) 

8-BIT A/D CONVERTER WITH UP TO 8 
(ST6210) AND 16 (ST6215) (ROM Version) 
ANALOG INPUTS 

ONE EXTERNAL NOT MASKABLE_ INTER- 
RUPT INPUT 

ON-CHIP CLOCK OSCILLATOR 

POWER-ON RESET 


RESERVED ROM : 


INPUTS WITH 


PDIP-20,S0-20  (ST6210),  CDIP-20-W 
(ST62E10) PACKAGES 
PDIP-28,S0-28  (ST6215), -—- CDIP-28-W 


(ST62E15) PACKAGES 

SAME ST62XX INSTRUCTION SET 

EASY TO PROGRAM 

BYTE EFFICIENT INSTRUCTION SET 

BIT TEST AND JUMP INSTRUCTIONS 

WAIT, STOP AND BIT MANIPULATION IN- 
STRUCTIONS 

TRUE LIFO 6 LEVEL STACK 


» 9 POWERFUL ADDRESSING MODES 
u THE ACCUMULATOR, THE X, Y, V & W REG- 


ISTERS, THE PORT AND PERIPHERALS 


June 1989 


CONVERTER 


PRELIMINARY DATA 


DATA/CONTROL REGISTERS ARE _ AD- 
DRESSED IN THE DATA SPACE AS RAM LO- 
CATIONS 

THE DEVELOPMENT TOOL OF THE ST621X 
MICROCONTROLLER FAMILY CONSISTS OF 
THE EMST62-HW/E1X EMULATION AND DE- 
VELOPMENT PACKAGE CONNECTED VIA A 
STANDARD RS232 SERIAL LINE TO AN IBM 
PC 

ST62E10 AND ST62E15 EPROM VERSION 
ARE AVAILABLE FOR LOW-VOLUME PRO- 
DUCTION AND EMULATION PURPOSES 


(Order Codes at the end of the datasheet) 
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3 16210/E10-ST6215/E15 


GENERAL DESCRIPTION 


The ST6210/ST6215 microcontrollers are members 
of the 8-bit HCMOS ST62XxX family, a series of de- 
vices oriented to low-medium complexity applica- 
tions. All ST60XX members are based on a building 
block approach: to a common core is associated a 
combination of on-chip peripherals (macrocells) 
available from a standard library to form around the 
core all the existing and future ST6 devices. These 
peripherals are designed with the same core tech- 
nology giving full compatibility, short design and 
testing time. The macrocells of the ST6210/E10 and 


Figure 1 : ST6210/ST62E10 Pin Configuration. 


$1T6215/E15 are: the Timer peripheral that includes 
an 8-bit counter with a 7-bit software programmable 
prescaler (Timer), the 8-bit A/D Converter with up to 
8 (ST6210/E10) and up to 16 (ST6215/E15) analog 
inputs (A/D inputs are alternate functions of I/O 
pins), the digital watchdog/timer (DWD). Thanks to 
these peripherals the ST6210/E10 & ST6215/E15 
are well suited for automotive, industrial & consumer 
applications. The ST62E10 and ST62E15 EPROM 
versions are available for prototypes and low-vol- 
ume production. 


SoZ 0 


SIOZENO 


vo00154 
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Figure 2 : ST6215/E15 Pin Configuration. 


$1T6210/E10-ST6215/E15 


SlOZ lo 


SIOZEIS 


Vop/TEST | |10 


PIN DESCRIPTION 


Vpp and Vss. Power is supplied to the MCU using 
these two pins. VDD is power and VSS is the ground 
connection. 


OSCIN and OSCOUT. These pins are internally 
connected with the on-chip oscillator circuit. A crys- 
tal quartz, a resistor/capacitor network or a ceramic 
resonator can be connected between these two pins 
in order to allow a right operating of the MCU. The 
OSCIN pin is the input pin, the OSCOUT pin is the 
output pin. 


RESET. The active low RESET pin is used to rest- 
art the microcontroller to the beginning of its pro- 
gram. 


TEST/VPP. The TEST pin is used to place the MCU 
into special operating mode. If TEST is held at Vss 


voo00155 


the MCU enters the normal operating mode. If TEST 
is held at a high logic level the test operating mode 
is automatically selected (the user should connect 
this pin to Vss for normal operation). If this pin is con- 
nected to a +12.5V level during the reset phase the 
EPROM programming mode is entered (EPROM 
versions only). 


NMI. The NMI pin provides the capability for asyn- 
chronous applying an external not maskable inter- 
rupt to the MCU. The NMI 1s falling edge sensitive. 


TIMER. This in the timer 1/O pin. In input mode it is 
connected to the prescaler and acts as external 
timer clock or as control gate for the internal timer 
clock. In the output mode the timer pin outputs the 
data bit when a time out occurs. 
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$T6210/E10-ST6215/E15 


PAO-PA3,PA4-PA7(*). These 8 lines are organized 
as one I/O port (A). Each line may be configured 
under software control as inputs with or without in- 
ternal pull-up resistors, interrupt generating inputs 
with pull-up resistors, open-drain or push-pull out- 
puts. PAO-PA3 can also sink 10mA for direct led 
driving while PA4-PA7 can be programmed as 
analog inputs for the A/D converter. (*) PA4-PA7 are 
not available on ST6210/E10. 


PBO-PB7. These 8 lines are organized as one |/O 
port (B). Each line may be configured under soft- 


Figure 3 : ST6210/ST6215 Block Diagram. 


TEST NMI 
O O 


INTERRUPT 
220 BYTES USER 


SELECTABLE 


USER PROGRAM DATA RAM 
ROM 64 BYTES 
1828 BYTES 


8-BIT 
CORE 


Vop Yss OSCIN OSCOUT RESET 


* NOT AVAILABLE ON ST6210 


ware control as inputs with or without internal pull- 
up resistors, interrupt generating inputs with pull-up 
resistors, open-drain or push-pull outputs and as 
analog inputs for the A/D converter. 


PC4-PC7(*). These 4 lines are organized as one I/O 
port (C). Each line may be configured under soft- 
ware control as inputs with or without internal pull- 
up resistors, interrupt generating inputs with pull-up 
resistors, open-drain or push-pull outputs and as 
analog inputs for the A/D converter.(“) PC4-PC7 are 
not available on ST6210/E10. 


PAO-PA3 (10mA SINK). 
Os) es ea) PA4—PA7/ANALOG INPUTS * 
| ports = (=) PBO-PB7/ANALOG INPUTS 
PORT C ( —_) PC4-PC7/ANALOG INPUTS * 


8-BIT A/D 
CONVERTER 


© TIMER 


DWD 


V000184 
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ST62XX CORE 


The ultra small and fast Micro-core of the 
ST6210/E10 and ST6215/E15 microcontrollers is 
designed to provide the economy of small die size 
through advanced HCMOS technologies. The 
ST62XX core can directly address 4 Kbyte of pro- 
gram memory with extension capability by 2 Kbyte 
bank addition. The directly addressable data space 
is 256 bytes sized with extension capability by 64 
byte bank addition. The data ROM which is ad- 


Figure 4 : ST62XX Core Block Diagram. 


CONTROLLER 


916210/E10-ST6215/E15 


dressed in the data space is physically located in the 
program area. The core includes an 8-bit accumu- 
lator, two 8-bit index registers and a 12-bit program 
counter. Three pairs of flags monitors the processor 
operations while a six levels LIFO hardware stack is 
available for subroutine & interrupt return address 
storage. One NMI and four normal interrupt vectors 
are available. STOP and WAIT modes are included 
to reduce overall power consumption. 


0 TO 8MHz 


O 
0 INTERRUPTS 


| DATA SPACE 
NS | 
SIGNALS 


OPCODE FLAG ADDRESS/READ LINE 


VALUES 


PROGRAM 
ROM/EPROM 


| 
| 
| 
NX 
| CONTROL 
| 
| 
| 


DATA 


RAM/EEPROM 


ADDRESS | DATA 


DECODER 


RAM/EPROM 


DE DICATIONS 


ACCUMULATOR 
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$T6210/E10-ST6215/E15 


1/0 PORTS 


The ST6210/E10, ST6215/E15 I/O ports are fully 
software programmable to be configured as: inputs 
with or without internal pull-up resistors, interrupt 


TIMER 


The Timer peripheral consists of an 8-bit counter 
with a 7-bit programmable prescaler, thus giving a 
maximum count of 2~, and a control logic that 
allows configuring the peripheral in three operating 
modes: event counter, input gated and output 


DIGITAL WATCHDOG/TIMER 


The digital watchdog/timer consists of a down 
counter that can be used to provide a controlled 
recovery from a software upset or as a simple 7-bit 
timer for general purpose counting. The check time 
can be set differently for different routines within the 
general program. After a reset the watchdog/timer 
is in off-state. The watchdog should be activated in- 
side the Reset restart routine. Once the watchdog 


8-BIT A/D CONVERTER 


The ST6210/E10, ST6215/E15 A/D converter is an 
8-bit analog to digital converter offering 8-bit resol- 
ution with + 1/2 bit of linearity and a conversion time 
of 70uS. ST6210/E10 has up to 8 analog inputs 
while in the ST6215/E15 the number of input pin can 


generating inputs with pull-up resistors, open-drain 
or push-pull outputs, analog inputs and in addition 
four I/O pins can sink 10mA for direct led driving. 


modes. The content of the 8-bit counter can be 
read/written in the Timer/Counter register. The state 
of the 7-bit prescaler can be read in the prescaler 
register . A maskable interrupt is associated with the 
end-of-count. 


is enabled it can not be cleared by software without 
generating a Reset. The reset is prevented if the 
register is reloaded with the desired value before the 
watchdog register time-out. If the watchdog is active 
the STOP instruction is deactivated and a WAIT in- 
struction is automatically executed instead of the 
STOP. 


be extendeded up to 16 (alternate functions of I/O 
ports). The ST621X A/D peripheral converts by a 
process of successive approximations. The clock is 
derived from the oscillator. 


DEVELOPMENT SUPPORT & EMULATION SYSTEM 


The ST62XX development system offers powerful 
in-circuit emulator and easy-to-use sets (dedicated 
boards) of modular hardware and software tools to 
shorten the total system development time of the 
final application. The ST62XX emulator offers emu- 
lation power with plug-in flexibility in the selection of 
emulation hardware modules for the dedicated mac- 


ORDERING INFORMATION 


The following chapter deals with the procedure for 
transfer the Program/Data ROM codes to SGS- 
THOMSON. 


Communication of the ROM codes. To communi- 
cate the contents of Program/Data ROM memories 
to SGS-THOMSON, the customer has to send two 
2764 EPROM with exactly the same addresses as 
for the ROM version. 

All unused bytes must be set to FFH. For shipment 
to SGS-THOMSON the EPROMs should be placed 
in a conductive IC carrier and packaged carefully. 


Listing Generation & Verification. When SGS- 
THOMSON receives the EPROMs, they are com- 


rocells. The emulator can be interfaced with a stand- 
ard RS232 serial link to industry standard MS-DOS 
personal computers. The ST62E10 and ST62E15 
EPROM versions are also available to provide flex- 
ibility and cost effectiveness in prototypes or pre- 
production. 


pared and a computer listing is generated from 
them. This listing refers exactly to the mask that will 
be used to produce the microcontroller. Then the 
listing is returned to the customer that must thor- 
oughly check, complete, sign and return it to SGS- 
THOMSON. SGS-THOMSON will also program one 
2/64 EPROM from the data file corresponding to 
the listing to help the customer in its verification. The 
signed listing constitutes a part of the contractual 
agreement for the creation of the customer mask. 
SGS-THOMSON sales organization will provide de- 
tailed information on contractual points. 
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$T6210/E10-ST6215/E15 


ST6210 Part Number 
ST6210B6/XX 
Device ——— | Customer ROM Code 
Package Temperature Range 


Device : ST6210 

Package : B Plastic Dual-in-line Package 

Package : M Plastic SO Package 

Temperature range : —40°C to 85°C 6 
— 40°C to 110°C 7 


Marking : it is by default equivalent to the sales type (part number). If a special marking is required see at- 
tached option list chart. 


$T6215 Part Number 
ST6215B6/XX 


Device re er eens, | [= Customer ROM Code 
Package Temperature Range 


Device : ST6215 

Package : B Plastic Dual-in-line Package 

Package : M Plastic SO Package 

Temperature range :— 40°C to 85°C 6 
— 40°C to 110°C 7 


Marking : it is by default equivalent to the sales type (part number). If a special marking is required see at- 
tached option list chart. 


ST62E10 Part Number 
ST62E10F6 
Device | 


Package Temperature Range 


Device : ST62E10 
Package : F Window Frit-Seal Package (DIL) 
Temperature range :— 40°C to 85°C 6 

— 40°C to 110°C 7 


ST62E15 Part Number 
ST62E15F6 
Device 


Package Temperature Range 


Device : ST62E15 
Package : F Window Frit-Seal Package (DIL) 
Temperature range: —40°Cto85C 6 

— 40°C to 110°C 7 


7/8 

{ SGS-THOMSON 
4 iicROELECTROMICS 

819 


$T6210/E10-ST6215/E15 


ST621X MICROCONTROLLER OPTION LIST 


ISU OE acces suck wre tesa tee haces dave csioew sw assiateaioeaiec sa Gunite acuanune vada et ah eel ctiaai Math Gl nieasake euemesniausahans 
INOS SS® shccseeiae ssl Si viear asc te ecscciowate cade ea eu ese ase name atresia Saale Seen ise seem mae daamngnesac a teeaeen dae ete 
COEACE. Secrest cea dade gga csc ashes abecas easton baa g ok ngs ures anawaa casas avedue esas Samoa ea onaces 
PROMO NOM c3cssanesseo cen sera ts etomebconterstonstageest coe cocwaatcoutaat eacusvoedaeseauauinceees Soamehasqenee euueusa anew 
PACTOI OM CG iicciovek ey casa succinct cad eg ssuiienanwctodsavisauneedstauvantevashiaudedadmaleateesadsaie are non euaweea eens 


Device [] (d) 

Package [] (Pp) 

Temperature Range [] (t) 

For marking one line with 11 characters maximum is possible 
Special Marking [] (y/n) Line 1“... "(M) 

[d] 1 = ST6210, 2 = ST6215 

[p] B = Plastic Dual in Line, M = Plastic SO 


(t) 6 =— 40 to 85°C 
=— 40 to 110°C 


(M) Letters, digits, ’.’, ’-’, ’/ and spaces only 


SSI sucht ages ates titan auc vacate saauastatits pista Rp uinlatlaan Salona ineieelt gb dshiadueueerndeyensn danse eonmacnacays 
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ST9 8K EPROM HCMOS MICROCONTROLLER 


ADVANCE DATA 


=» COMPLETE MICROCONTROLLER, 8K BYTES 


OF EPROM, 256 BYTES OF REGISTER FILE 
WITH 224 GENERAL PURPOSE REGISTERS 
AVAILABLE AS RAM, ACCUMULATOR OR 
INDEX POINTERS. THE ON-CHIP EPROM 
CAN BE PROGRAMMED BY USING THE 
ST90E2X PROGRAMMING BOARD DE- 
VELOPED AND DELIVERED BY SGS-THOM- 
SON. FULLY COMPATIBLE WITH THE 
STANDARD ROM VERSION 
8/16-BIT CORE WITH FULL FEATURE DMA 
CONTROLLER AND POWERFUL INTERRUPT 
HANDLER AND MSPI OR SBUS/I?CBUS SER- 
IAL INTERFACE 
UP TO 8 EXTERNAL INTERRUPTS PLUS 1 
NOT MASKABLE INTERRUPT 
16-BIT WATCHDOG TIMER FOR SYSTEM IN- 
TEGRITY 
ONE 16-BIT TIMER, WITH AN 8-BIT PRES- 
CALER AND 14 OPERATING MODES, ALLOW- 
ING EASY USE FOR COMPLEX PWM 
FUNCTIONS AND MANY OTHER TIMING SYS- 
TEM FUNCTIONS 
2 ON-CHIP DMA CHANNELS ASSOCIATED TO 
THE TIMER 
FULL FUNCTION SERIAL COMMUNICATION 
INTERFACE (SCI) WITH 110 TO 19200 BAUD 
RATE GENERATOR, ASYNCHRONOUS AND 
BYTE SYNCHRONOUS CAPABILITY (fully pro- 
grammable format) AND ADDRESS/WAKE-UP 
BIT OPTION 
FIVE 8-BIT I/O PORTS WITH PROGRAMM- 
ABLE INPUT THRESHOLDS AND OUTPUT 
CHARACTERISTICS. ALTERNATE FUNC- 
TIONS ALLOW FULL USE OF ALL LINES 
FULL FEATURES SOFTWARE DEVELOP- 
MENT TOOLS, INCLUDING ASSEMBLER, LIN- 
KER, C-COMPILER, ARCHIVER, SOFTWARE 
AND HARDWARE EMULATORS 
PACKAGES AVAILABLE : 
- ST90E20 48-PIN DUAL IN LINE CERAMIC 
MULTILAYER WITH LENS 
. ST90E21 40-PIN DUAL IN LINE CERAMIC 
MULTILAYER WITH LENS 
- SI90E23 44-LEAD CERAMIC LEADED 
CHIP CARRIER WITH LENS 


CDIP48-W CDIP40-W 


Figure 1 : ST90E20 Pin Configuration. 


48[) XTAL2 


RESET/Vpp [J 3 
ABIPIQ [] 4 
AQIP1; J 5 
AIO/PIz | 6 
ANN/P13 [7 
Al2z/P1z [| 8 
A13/P 15 [] 9 
Al4/Pig (10 
AISIP17 1 
AO/DO/POg [f 12 
AMU/DIUPO} [] 13 ay a0E0 
A2/D2/PO2 [] 14 
A3/D3/P03 [15 
A4ID4IPO, [] 16 
ASID5S/POs [] 17 
AGIDE/POg [] 18 
A7ID7/P07 (| 19 
PD/NMI/P2Q J 20 
WAIT/MISO/P2, [j 21 
MCLK/INT2/P29 [] 2? 


390 P3g/INT4/TOINA 

38 {] P3,/INTS/TOOUTA 

37 1) P32/INT6/TOINB 

36 1) P33/INT7/TOOUTB 

35 [J P3z,/RXCLK/WDOUT 

340 P35/CLKOUT/TXCLK/WDIN 
33 [] P3g/SIN 

32 [] P37/SOUT 

31 [J P27/RDSTBS/BUSACK/INT3 
30 [| P2g/RDRDYS/BUSREG 

2S [] P25/ETCK/WRRDY5S 

28 |) P2, (WRSTBS/INT} 

27 {] P23/MOSI/INTO 


July 1988 


This is advance information on a new product now in development or undergoing evaluation Details are subject to change without notice 
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ST90E20-ST90E21-ST90E23 


GENERAL DESCRIPTION 


The ST90E20, ST90E21 and ST90E23 are EPROM 
members of the ST9 family of microcontroller, com- 
pletely developed and produced by SGS-THOM- 
SON using the HCMOS 1.5u n-well process. 


They are fully compatible with their ROM version 
ST9020/21/23 and can be configured as : stand 
alone microcontroller with 8K bytes of on-chip 
EPROM : traditional microcontroller that manage up 
to 120K bytes of external memory, or parallel pro- 
cessing elements in a system with other processors 
and peripheral controllers. 


The 8K x 8 on-chip EPROM can be programmed off 
line using the ST90E2X programming board de- 
livered by SGS-THOMSON (Order Code 
ST90E2XEPR). 


ARCHITECTURE 


The ST90E20/21/23 architecture is of prime import- 
ance due to the modular philosophy of the system. 


The nucleus of the ST90E20/21/23 is an advanced 
Core including the CPU, the Register File, a 16-bit 
Timer/Watchdog with 8-bit prescaler, a Master Ser- 
ial Peripheral Interface and SBUS/I*CBUS interface, 
and two 8-bit I/O Ports. The Core has its own inter- 
nal busses in addition to those used as link between 
magacells. 


Microcontroller applications demands powertul |/O 
capabilities. The ST90E20/21/23 fulfill this with up to 
40 I/O lines dedicated to Input/Output. These lines 
are grouped into up to 5 ports of eight lines each and 
are configured under software control to provide tim- 
ing, status signals, address/data bus for interfacing 
external memory, timer inputs and outputs, external 
interrupts and serial or parallel 1/O with or without 
handshake. 


Because the multiplexed address/data bus is 
merged with the I/O oriented ports, the 
ST90E20/21/22 can assume many different memory 
and |/O configurations. These configurations range 
from a self-contained Microcontroller to a Micropro- 
cessor that can address 120K bytes of external mem- 
ory. 

Three basic address spaces are available to support 
this wide range of configurations : Program Memory 
(internal and external), Data Memory (external) and 
Register File. 


One 16-bit Timer with an 8-bit prescaler and 14 oper- 
ating modes allow easy use for complex PWM func- 
tions and many other timing system functions by the 
usage of two associated DMA channels. 


Tocomplete the device a full duplex Serial Communi- 
cation Interface is available with 110 to 19200 baud 
rate generator, asynchronous and byte synchronous 
capability (fully programmable format) and ad- 
dress/wake-up bit option. 


Figure 2 : ST90E21 Pin Configuration. 


35 |] P39/TOINA/INTS 


34 [] P3y/TOOUTAIINTS 

33 J P32/TOINB/INT6 

32 [] P33/TOOUTB/INT7 

31[] P3z/RXCLK/WDOUT 

30 [J P35/CLKOUT/TXCLK/WDIN 
29 [] P36/SIN 

28 |) P37/SOUT 

27) P27/RDSTBS/BUSACKINT3 
26 [] P2g/RDRDYS/BUSREQG 

25 J] P25/ETCK/WRRDY5 

24 |] P2z/WRSTBS/INTI 

73 |} P23/MOSI/INTO 


STS0E21 


A7ID7/IPO7 [] 15 
PD/NMI/P2o [] 16 
WAIT/MISO/P2, [] 17 
MCLK/INT2/P22 [] 18 


V000247 


Figure 3 : ST90E23 Pin Configuration. 


2 1 464 43 42 41 


AlO/P12 (] 8 

Al/P13 [} 9 
AO/DO/POg LJ 10 
AV/DI/PO; (411 
A2/D2/PO> [} 12 
A3/D3/P03 
ALID4IPO, 
AS/DSIPOs [15 
AGIDE/POg [] 16 


37 (] P3g/TOINATINTS 

36 [] P3y/TOOUTA/INTS 

a TP} P32/TOINB/INT6 

te |] P33/TOOUTBIINT7 

23 [] P3,/RXCLK/WDOUT 

37 [] P35/CLKOUT/TXCLK/WDIN 
3" [} P3g/SIN 

> {J P37/SouT 


STS0E23 


z¢ [] P27/RDSTBS/BUSACK/INT3 


ANDIUPO Lt? 
8 


vo00248 


(} ¥ 


NMI/POIP29 
MISO/WAITIP 2} 
INTO/MOSI/P23 (J 

INTIVWRSTB5/P2, [] 2 
WRROYSIETCKIP25 CL] 73 


BUSREG/RDADYS/P2g 
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ARCHITECTURE (continued) 
Figure 4 : ST90E20 Block Diagram. 


16-BIT 8K BYTES 256 BYTES 
TIMER EPROM RAM 


YO 1/0 


PIN DESCRIPTION 


P0o -P07. I/O Port Lines (input/output, TTL or CMOS 
compatible). 8 Lines bit programmable that can be 
configured under program control for I/O or multi- 
plexed address (A0-A7) and data (DO-D7) lines used 
to interface with Program/Data memory. 


P1o-P17. I/O Port Lines (input/outputs, TTL or 
CMOS compatible). 8 Lines bit programmable that 
can be configured under program control for I/O or 
external memory expansion (A8-A15). 


P20-P27. I/O Port Lines (input/outputs, TTL or 
CMOS compatible) 8 Lines bit programmable that 
can be configured under program control for I/O or, 
in alternate function, as control lines for some of ex- 
ternal interrupts, the Master Serial Peripheral Inter- 
face and SBUS/leCBUS interface, the handshake 
protocol or the Timer-DMA control lines of Ports 5, 
the external Bus control lines, the WAIT and Pro- 
gram/Data signals and the Timer 0 external clock 
input. 

P30-P37. 1/O Port Lines (input/outputs, TTL or 
CMOS compatible) 8 Lines bit programable that can 
be configured under program control for !/O or, in al- 
ternate function, as input and output lines of the multi- 
function 16-bit Timer 0 and as Serial Communication 
Interface protocol with its control lines. 


P50-P57. I/O Port Lines (input/outputs, TTL or 
CMOS compatible) 8 Lines bit programmable that 


ST90E20-ST90E21-ST90E23 


WDG 


10 
PORT 2 


! 


can be configured under program control for I/O or, 
in alternate function, to manage the parallel hand- 
shake protocol or the Timer-DMA function. 


AS. Address Strobe (output, active low, 3-State). 
Address strobe is pulsed low once at the beginning 
of each machine cycle. The rising edge of AS indi- 
cates that address, Read/Write (R/W), and Data 
Memory (DM) signals are valid when output for ex- 
ternal program or data memory transfers. Under pro- 
gram control, AS can be placed in a high-impedance 
state along with Ports 0 and 1, Data Strobe (DS), and 
R/W. 


DS. Data Strobe (output, active low, 3-State). Data 
strobe provides the timing for data movement to or 
from Port 0 for each external memory transfer. Dur- 
ing awrite cycle, data out is valid at the leading edge 
of DS. During aread cycle, data in must be valid prior 
to the trailing edge of DS. 


It can be placed in_a high impendance state along 
with Port 0, Port 1, AS and R/W. 


R/W. Read/Write (output, 3-State). Read/Write 
determines the direction of data transfer for external 
memory transactions. R/W is low when writing to ex- 
ternal program or data memory, and high for all other 
transactions. It can be placed in_a high-impedance 
state, with Port 0, Port 1, AS and DS. 
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ST90E20-ST90E21-ST90E23 


RESET/Vpp. Reset or Vpp (input). The ST9 is in- 
itialized by Reset signals, active low. With the deac- 
tivation of RESET, program execution begins from 
the Program Memory location, pointed by the vector 
contained in program memory locations 00H and 
O1H. If held low, RESET acts a register file protec- 
tion during power-down and power-up sequences. In 
Eprom-Mode this pin functions as Vpp and is pulsed 
to 12.5V + 300mvV to perform on-chip EPROM pro- 
gramming. 


XTAL1, XTAL2. Crystal 1, Crystal 2 (oscillator input 
and output). These pins connect a parallel-resonant 
crystal (24MHz maximum), or an external source to 
the on-chip clock oscillator and buffer. XTAL1-Input 
of the oscillator inverter and internal clock generator ; 
XTAL2-Output of the oscillator inverter. 


Vpp. Main Power Supply Voltage (5V). 
Vss. Digital Circuit Ground. 
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{ SGS-THOMSON ST90E30 
7 iicrogtecrromics ST90E31-ST90E32 


oT9 8K EPROM HOMOS MICROCONTROLLER 


ADVANCE DATA 


a COMPLETE MICROCONTROLLER, 8K BYTES 
OF EPROM, 256 BYTES OF REGISTER FILE 
WITH 224 GENERAL PURPOSE REGISTERS 
AVAILABLE AS RAM, ACCUMULATOR OR 
INDEX POINTERS. THE ON-CHIP EPROM 
CAN BE PROGRAMMED BY USING THE ST9 
PROGRAMMING BOARD DEVELOPED AND 
DELIVERED BY SGS-THOMSON MICRO- 
ELECTRONICS. FULLY COMPATIBLE WITH 
THE STANDARD ROM VERSION 
8/16-BIT CORE WITH FULL FEATURE DMA eee 
CONTROLLER AND POWERFUL INTERRUPT 
HANDLER AND MSPI OR I°CBUS SERIAL IN- 
TERFACE 
16-BIT WATCHDOG TIMER FOR SYSTEM IN- 
TEGRITY 
TWO 16-BIT TIMERS, EACH WITH AN 8-BIT | ; 
PRESCALER AND 14 OPERATING MODES, Figure 1 : ST90E30 Pin Configuration. 
ALLOWING EASY USE FOR COMPLEX PWM 
FUNCTIONS AND MANY OTHER TIMING SYS- 
TEM FUNCTIONS 
8-CHANNEL ANALOG TO DIGITAL CONVER- 
TER, WITH INTEGRAL SAMPLE AND HOLD, 
FAST 16us CONVERTION TIME AND 8-BIT 
+ 1/2 LSB RESOLUTION 
a FULL FUNCTION SERIAL I/O INTERFACE 
WITH 110 TO 19200 BAUD RATE GENER- 
ATOR, ASYNCHRONOUS AND BYTE SYN- 
CHRONOUS CAPABILITY (fully programmable 
format) AND ADDRESS/WAKE-UP BIT OPTION 
a SIX 8-BIT I/O PORTS WITH PROGRAMMABLE 
INPUT THRESHOLDS AND OUTPUT CHAR- 
ACTERISTICS. ALTERNATE FUNCTIONS Pi 
ALLOW FULL USE OF ALL LINES Asiirs 
FULL FEATURES SOFTWARE DEVELOP- 
MENT TOOLS, INCLUDING ASSEMBLER, LIN- 
KER, C-COMPILER, ARCHIVER, SOFTWARE 
AND HARDWARE EMULATORS 
AVAILABLE IN 48 DUAL-IN-LINE (ST90E31), 64 
DUAL-IN-LINE-SHRINK (ST90E32) AND 68 
LEADED CHIP CARRIER (ST90E30) CERAMIC 
PACKAGES 


TIOUTAIP3. [] 10 


STS0E30 


ADTRG/RXCLK/IN 
CLKOUT/TXCLK/IN 
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ST90E30-ST90E31-ST90E32 


GENERAL DESCRIPTION 


The ST90E30, ST90E31 and ST90E32 are EPROM 
members of the ST9 family of microcontrollers, com- 
pletely developed and produced by SGS-THOM- 
SON using the HCMOS 1.5u n-well process. 


They are fully compatible with their ROM version 
ST9030 and can be configured as : stand alone 
microcontrollers with 8K bytes os on-chip EPROM : 
traditional microcontrollers that manage up to 120K 
bytes of external memory, or parallel processing ele- 
ments in a system with other processors and periph- 
eral controllers. 


The 8K x 8 on-chip EPROM can be programmed off 
line using the ST9 programming board delivered by 
SGS-THOMSON. 


ARCHITECTURE 


The ST90E30 architecture is of prime importance 
due to the modular philosophy of the system. 


The nucleus of teh ST90E30 is an advanced Core 
including the CPU, the Register File, a 16-bit 
Timer/Watchdog with 8-bit prescaler, a Master Ser- 
ial Peripheral and |?CBUS interface, and two 8-bit 
I/O Ports. The Core has its own internal busses in 
addition to those used as link between magacells. 
Microcontroller applications demands powerful I/O 
capabilities. The ST90E30 fulfills this with up to 56 
I/O lines dedicated to Input/Output. These lines are 
grouped into up to 7 ports of eight lines each and 
are configured under software control to provide tim- 
ing, status signals, address/data bus for interfacing 
external memory, timer inputs and outputs, analog 
inputs, external interrupts and serial or parallel I/O 
with or without handshake. 


Because the multiplexd address/data bus is merged 
with the I/O oriented ports, the ST90E30 can as- 
sume many different memory and I/O configura- 
tions. These configurations range from as 
self-contained microcontroller to a Microprocessor 
that can address 120K bytes of external memory. 


Three basic address spaces are available to sup- 
port this wide range of configurations : Program 
Memory (internal and external), Data Memory (ex- 
ternal) and Register File. 


Two 16-bit Timers, each with an 8-bit prescaler and 
14 operating modes allow easy use for complex 
PWM functions and many other timing system func- 
tions. 


In addition there is an 8 channel Analogue to Digi- 
tal Converter with integral sample and hold, fast 15p 
conversion time and 8-bit + 1/2 LSB resolution. 


To complete the device a full duplex Serial I/O inter- 
face is available with 110 to 19200 baud rate gen- 


erator, asynchronous and byte synchronous capa- 
bility (fully programmable format) and ad- 
dress/wake-up bit option. 


Figure 2 : ST90E31 Pin Configuration. 


RESET/Vpp [] 4 
TIOUTB/P37 [] 5 
THNB/P3¢ (6 
TIOUTA/P3s, (] 7 
THINA/P3, (8 
TOOUTB/P33 [] 9 
TOINB/P32 [] 10 


440) Paz IAING 


411) P47/AIN7 

40D) P46 /AING 

391] P45/AINS 

386) P43/AIN3 

37[] P42 /AINZ 

36) P27/RRDYS/PD 
351] P2g/INT3/RSTB5 
34D P2,/INTI/WSTBS 


STS0E31 


321] P22/MCLK/INT2 

31 [) P2\/MISO 

30) P2g/NMI 

291] P79/SIN 

28]) P7,/SOUT 

274) P72 /INTG/TXCLK/CLKOUT 
26 |] P73/INTS/RXCLK/ADTRG 


voo0255 


54 [) P47/AINT 

53D Pég/AING 

52[) PastaIns 

519 P43/AIN3 

50) Pag/AIN2 

491] P27/RRDYS/PD 
48D P2g/INT3/RSTBS 
479) P25g/WRRDYS/ETCK 


STS0E32 
17 


Alo/P12 (19 
AgIP1, 1120 


46) P2, INTIWSTBS 
451) P23/MOSI 

441] P2oHINT2/MCLK 
43} P2y/MISO 

421) P2giNMI 


ADO/POg [}22 
ADIPO, 23 
AD2/PO? [}24 
AD3/P03 []25 
AD4IPO, [] 26 
ADS/POs (]27 
ADG/POg [128 
AD7IPO7 [129 


41 ET P7g ISIN 

4012 P7,/SouT 

39]) P7Q/INTLITXCLK/CLKOUT 
38 f] P73 /INTSIRXCLK/ADTRG 
37) P7,/1NT6 

360) P75 /WAIT 

35[) P74 BUSREQ/WDOUT 
34 [] P77/BUSACK/WDIN 


v000217 
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ARCHITECTURE (continued) 
Figure 4 : ST9 Core Block Diagram. 
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INSTRUCTION 
MISO MOSI MCLK REGISTER 


INSTRUCTION 
DECODER 


MASTER 
SERIAL 
PERIPHERAL 


INTERFACE MICROCOOC 
ROM 


MICRO 
SEQUENCER 


TOP LEVEL EXT INT , 


WATCHDOG 
TIMER ES OMA 
CONTROLLER 


REGISTER 
FILE 


ADDRESS 
LOGIC 


INTERRUPT 


PIN DESCRIPTION 


POo-P07. I/O Port Lines (input/output, TTL or 
CMOS compatible). 8 lines bit programmable that 
can be configured under program control for 1/O or 
multiplexed address (AO-A7) and data (DO-D7) lines 
used to interface with Program/Data memory. 


Pio-P17. I/O Port Lines (input/outputs, TTL or 
CMOS compatible). 8 lines bit programmable that 
can be configured under program control for 1/O or 
external memory expansion (A8-A15). 


P20-P27. I/O Port Lines (input/outputs, TTL or 
CMOS compatible) 8 lines bit programmable that 
can be configured under program control for I/O or, 
in alternate function, as control lines for external in- 
terrupts, the Master Serial Peripheral and I°CBUS 
interface and the handshake control lines of Ports 5. 


P30-P37. I/O Port Lines (input/outputs, TTL or 
CMOS compatible) 8 lines bit programmable that 
can be configured under program control for I/O or, 
in alternate function, as input and output lines of the 
2 X 16-bit Timers (timer O and timer 1). 


P49-P47. /O Port Lines (input/outputs, TTL or 
CMOS compatible) 8 lines bit programmable that 


BUS INCREMENTER 
INTERCONNECTION & 
LOGIC DECREMENTER 


ST90E30-ST90E31-ST90DE32 


16-BIT MEMORY ADDRESS/DATA BUS 


16-BIT INTERNAL ADDRESS BUS 


PROGRAM 
COUNTER 
SYSTEM STACK 
POINTER 
USER STACK 
POINTER 10 PORT 
AND 


MEMORY 
EXPANTION 


8 BIT REGISTER DATA BUS 


Sr 
a 
_— 


8 BIT REGISTER ADDRESS BUS | 
6-BIT INTERRUPT DMA BUS f 


yvoomre 


can be configured under program control for I/O or, 
in alternate function, as analog inputs of the Analog 
to Digital Converter. 


P50-P57. I/O Port Lines (input/outputs, TTL or 
CMOS compatible) 8 Lines bit programmable that 
can be configured under program control for |/O or, 
in alternate function, to manage the parallel hand- 
shake protocol or the Timer-DMA function. 


P7.6-P77. I/O Port Lines (input/output, TTL or 
CMOS compatible). 8 Lines bit programmable that 
can be configured under program control for I/O or, 
in alternate function, as control lines for the Serial 
Communication Controller, the Timer/Watchdog 
input/output lines, the External bus control lines, the 
Wait signal and some of the external Interrupts. 


AVss. Analog Vss of the Analog to Digital Conver- 
ter. 


AVpp. Analog Vpp of the Analog to Digital Conver- 
ter. 


INTO. External Interrupt Input of channel 0. 
INT7. External Interrupt Input of channel 7. 
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ST90E30-ST90E31-ST90E32 


AS. Address Strobe (output, active low, 3-State). 
Address strobe is pulsed low once at the beginning 
of each machine cycle. The rising edge of AS indi- 
cates that address, Read/Write (R/W), and Data 
Memory (DM) signals are valid when output for ex- 
ternal program or data memory transfers. Under 
program control, AS can be placed in a high-imped- 
ance state along with Ports 0 and 1, Data Strobe 
(DS), and R/W. 


DS. Data Strobe (output, active low, 3-State). Data 
strobe provides the timing for data movement to or 
from Port 0 for each external memory transfer. Dur- 
ing awrite cycle, data out is valid at the leading edge 
of DS. During a write cycle, data in must be valid 
prior to the trailing ede of DS. It can be placed ina 
high impendance state along with Port 0, Port 1, AS 
and R/W. 


R/W. Read/Write (output, 3-State). Read/Write 
determines the direction of data transfer for exter- 
nal memory transactions. R/W is low when writing 


to external program or data memory, and high for 
all other transactions. It can be placed in a high-im- 
pedance state, with Port 0, Port 1, AS and DS. 


RESET. Reset (input, active low). The ST9 is in- 
itialized by Reset signal. With the deactivation of 
RESET, program execution begins from the Pro- 
gram Memory location pointed by the vector con- 
tained in program memory locations OOH and 01H. 
If held low, RESET acts a register file protection dur- 
ing power-down and power-up sequences. 


XTAL1, XTAL2. Crystal 1, Crystal 2 (oscillator 
input and output). These pins connect a parallel-res- 
onant crystal (24MHz maximum), or an external 
source to the on-chip clock oscillator and buffer. 
XTAL1-Input of the oscillator inverter and internal 
clock generator ; XTAL2-Output of the oscillator in- 
verter. 


Vpp. Main Power Supply Voltage (5V). 
Vss. Digital Circuit Ground. 
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DIGITAL SIGNAL PROCESSOR 


ADVANCE DATA 


MAIN FEATURES 
» 100ns MACHINE CYCLE TIME (1.2 CMOS 
Technology) 
» PARALLEL HARVARD ARCHITECTURE 
» TRIPLE DATA BUSES STRUCTURE 
» 3 DATA MODES . SINGLE PRECISION 
. DOUBLE PRECISION 
. COMPLEX 
a 32-BIT INSTRUCTION 
» MULTIPLIER 16 x 16 —> 32, SIGNED AND UN- 
SIGNED 
32-BIT BARREL SHIFTER, 32-BIT ALU 
PROVISION FOR FLOATING POINT 
FOUR 32-BIT ACCUMULATORS, FOUR 
LEVEL 32-BIT FIFO 
a» IMMEDIATE AND COMPUTED BRANCH 
» 8-LEVEL STACK ; 
» 9 EXTERNAL AND 3 INTERNAL INTERRUPTS ai 
a AUTOMATIC LOOP, UP TO 256 TIMES 32 IN- 
STRUCTIONS 
» 2 INDEPENDENT PARALLEL BUSES ; LOCAL 
AND SYSTEM ST18940 - PLASTIC LEADED CHIP CARRIER - 84-pin 
» FULL SPEED ACCESS TO EXTERNAL 64K x 
16-BIT MEMORY ON THE LOCAL BUS 
a» HARDWARE AND/OR SOFTWARE WAIT 
STATES MODE TO ACCESS SLOWER EX- 
TERNAL MEMORIES/PERIPHERALS, DMA 
CHANNEL 
= 2x 16 BYTES FIFO ON THE SYSTEM BUS 
SERIAL CHANNEL FOR DIRECT INTERFACE 
WITH CODEC, ISDN IC’s... 
GENERAL PURPOSE PARALLEL PORT 
a ON CHIP DATA RAM 2 x 256 x 16-bit ST18940 - PIN GRID ARRAY - 84-pin 
» FOUR INDEPENDENT ADDRESS CALCULA- 
TION UNITS 
ADDRESSING MODES: IMMEDIATE, DIRECT, » WITH VERY HIGH SPEED COMPUTATION 


ST18941 - PIN GRID ARRAY - 144-pin 


INDIRECT WITH POST MODIFICATION, CIR- POWER, THE ST18 DIGITAL SIGNAL PRO- 
CULAR, BIT REVERSED CESSOR FAMILY CAN BE USED IN AUTOMO- 
u 2 VERSIONS : - ST18940 (PLCC/PGA 84) TIVE ENVIRONMENT IN APPLICATIONS 
CLOSED VERSION WITH 3K x 32-BIT ON-CHIP SUCH AS: 
PROGRAM ROM AND 512 x 16-BIT COEFFI- ~ ENGINE CONTROL 
CIENT ROM .~ VIBRATION ANALYSIS 
-$7T18941 (PGA 144) OPEN ~ ANTISKID BRAKES 


VERSION WITH 64K x 32-BIT OF F-CHIP PRO- ~ ADAPTIVE RIDE CONTROL 
GRAM ROM AND 128 x 16 BIT ON-CHIP COEF- . - GLOBAL POSITIONING 
FICIENT RAM ~ NAVIGATION 


» POWER DOWN MODE ~ VOICE COMMANDS 
a TYPICAL CONSUMPTION 0.5W . AUDIO PROCESSING 
July 1989 1/4 
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$T18940/41 


Figure 1 : ST18 Family Highlights. 


PERFORMANCE 
ON CHIP RESOURCES 


CUSTOMIZED 
D.S.P. 


CMOS 1.2um 
Standard cells 


$T18940/1 


CMOS 1.2um 


$T18930/1 


CMOS 71.Z2um 


TS68930/1 


HMOS 2um 


DEVELOPMENT SYSTEM 


The ST18940-41 is supported by a complete set of 
hardware and software tools for system develop- 
ment. The software package includes an assem- 
bler/linker, a simulator, and a "C" compiler and 
optimizer which run under several VAX and PC 


DESCRIPTION 


The ST18940/41 Digital Signal Processor is a mem- 
ber of S@S-THOMSON Microelectronics ST18 fam- 
ily. 

The ST18 family comprises 3 products covering a 
wide spectrum of DSP applications. Complete de- 
velopment tools (hardware and software) are avail- 
able as aids to efficient system designs. 


The first processor in the ST18 family is the 
TS68930/31 (NMOS) with a 160ns machine cycle 
time. The second member of the family, the 
ST18930/31, is a CMOS version of the TS68930 
with a faster instruction cycle time (80ns) and the in- 
clusion of additional hardware and software fea- 
tures (The ST18930 is pin compatible with the 
TS68930). 


The ST18940/41, which is described in this data- 
sheet, is the third member in the family. It is upward 
compatible with the other members of the family, but 
provides enhanced arithmetic capabilities, address- 
ing modes and additional I/O functions. 


It is an advanced HCMOS single chip general pur- 
pose DSP designed for fast arithmetic intensive ap- 


CUSTOMIZED 
D.S.P. 


CMOS 1.2um 
Standard cells 


operating systems. Hardware tools include a stand- 
alone emulator, an EPROM emulation module, a 
multiprocessor development station and an evalu- 
ation module (PC compatible). 


plications in the areas of telecommunications, mod- 
ems, speech processing, graphic/image processing 
spectrum analysis, audio processing, digital filter- 
ing, high speed control, instrumentation, numeric 
processing... 


The ST18940 structure is based on a triple 16-bit 
data bus, a 16 x 16 multiplier, a 32-bit ALU. The po- 
wertul parallel and serial Input/Output interfaces and 
the DMA channel contribute to the flexibility of the 
system interface with external environment. 


Two versions are available : 


. the ST18940 includes 3K x 32-bit program 
ROM and 512 x 16-bit coefficient ROM. 


. the ST18941 microprocessor version can ad- 
dress up to 64K of program memory on a de- 
dicated bus, thus providing true real-time 
emulation of the ST18940 ROM version. In 
addition to the two internal RAMs (X and Y), 
a 128 x 16-bit coefficient RAM is included for 
coefficient memory emulation. 
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S/ if MICROELECTRONICS 


830 


$1T18940/41 


Figure 2 : ST18940/41 Logic Functions. 


MASKED VERSION ST18940 
3K X 32 PROGRAM ROM 


512 X 16 COEF. ROM 


ALU 
BARREL SHIFTER 
4 ACCU 


FIFO <4— DATA 


——+# ADDRESS 
(16,16) X (16,16)--> (32,32) MULTIPLIER 


SYSTEM BUS 


Y 
a 
fea) 
— 
< 
O 
O 
ha 


CONTROL <&—> <— CONTROL 


2 X 256 X 16 RAM 
INTERRUPT 


CONTROL <> PARALLEL PORT 


INTERRUPT 


SURREY erOuK DMAVSERIAL PORT PARALLEL PORT 


<—® DMASERIAL PORT 
MAIL BOX 


———® ADDRESS 
128 X 16 COEF. RAM 


PROGRAM 


<—_- DATA 


OPEN VERSION ST18941 <4—® CONTROL 
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$T18940/41 


Figure 3 : S118940/41 Block Diagram. 


DATA 
ARITHMETIC 
UNIT 


16 x 1682 
BS 32 BIT 
ALU 932 BIT 
REGISTERS 


ON CHIP PEAIPHERALS 


CROM 
512 x 18 


LOGAL 
DATA 
EXTERNAL BUS 
DATA BUS 
SWITCH LOGAL 
ADDAESS 


BUS 
16 


PROGRAM 


MAIL BOX 
PARALLEL PORT 
SERIAL PORT 


INTERRUPTS CLOCK 


FUNCTIONAL DESCRIPTION 


One of the key features of the ST1840/41 is that all 
hardware resources have been designed to support 
the following three data types : 

- simple precision : 16-bit data 

- double precision : 32-bit data 

- complex : 16-bit real and 16-bit imaginary 

Any one of the above three arithmetic modes can 
be dynamically selected by means of a single pro- 


gram instruction. Once the mode has been selected, 
all resources (such as ALU, memories, registers, 


CONTROLLER 


INSTRUCTION 


ADDRESS DATA 
BUS 


INSTRUCTION 


multiplier) are automatically configured for the ap- 
propriate operations. The same assembler instruc- 
tions are used in all three modes. In 
double-precision and complex modes the data are 
stored in two contiguous memory locations, with an 
automatic adjustment of the address calculation 
unit. Two’s complement representation is used 
throughout. In real mode, all instructions except 
branch are executed in one cycle time. In complex 
and double precision modes, all instructions are ex- 
ecuted in two cycle times. 


4/4 
eeeesSe7=e SGS-THOMSO 
>| | Aho aorromes 


832 


{a SGS-THOMSON 22W04-5v3,B — 376, B 
7 wwicRoELECTROMICS BZWO4P5V8, B + 376, B 


UNI-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 


a HIGH SURGE CAPABILITY : 
400 W/1ms EXPO 
m VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 
a LARGE VOLTAGE RANGE : 
5.8 V > 376 V 
m» ORDER CODE: 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER + SUFFIX B FOR 
BIDIRECTIONAL TYPES 


DESCRIPTION 
Transient voltage suppressor diodes especially use- F 126 
ful in protecting integrated circuits, MOS, hybrids (Plastic) 


and other voltage-sensitive semiconductors and 
components. 


ABSOLUTE MAXIMUM RATINGS (limiting values) 


Peak Pulse Power for 1 ms Exponential T, Initial = 25 °C 
400 
Pulse See note 1 


Power Dissipation on Infinite Heatsink Tamb = 50 °C 


lesm | Non Repetitive Surge Peak Forward T, Initial = 25 °C 50 A 
Current for Unidirectional Types t=10ms 

°C 

°C 


T stg Storage and Operating Junction Temperature Range — 55 to 150 
Tj 150 
TL Maximum Lead Temperature for Soldering During 10 s at 4 mm 230 °C 
from Case 


THERMAL RESISTANCE 


Symbol| ss SCPatrameter = CT Sate |Uniit_ 
Junction-leads on Infinite Heatsink for Lieag = 10 mm a ee oe 


Note: 1. For surges upper than the maximum values, 


the diode will present a short-circuit anode-cathode. % Inp Pulse wave form 40/4000 
10 ps 
400 
50 as 
1 
! 
0 t 
aa D88TRANSIL1 
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BZW04-5V8, B —> 376, B/BZWO04P5V8, B —> 376, B 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


Symbol Parameter 
Stand-off Voltage 
QT 


Value 


Breakdown Voltage 
Clamping Voltage See tables 


Peak Pulse Current 


| ar | Temperature Coefficient of Visr) 


C Capacitance 


tclamping | Clamping Time (0 volt to Vary) Unidirectional Types 
Bidirectional Types 


P BZWO4P5V8 |P 


BZW04-5V8 


BZWO04P6V4 |P 


BZW04-6V4 
BZWO04P7V0 
BZW04-7V0 
BZW04P7V8 
BZW04-7V8 
BZWO04P8V5 
BZW04-8V5 
BZWO04P9V4 
BZW04-9V4 
BZW04P10 
BZW04-10 
BZWO04P11 
BZW04-11 
BZW04P13 
BZW04-13 
BZW04P14 
BZW04-14 
BZW04P15 
BZW04-15 
BZW04P17 
BZW04-17 
BZW04P19 
BZW04-19 
BZW04P20 
BZW04-20 
BZW04P23 
BZW04-23 
BZW04P26 
BZW04-26 
BZW04P28 
BZW04-28 
BZW04P31 
BZW04-31 
BZW04P33 


BZWO04P5V8B 
BZW04-5V8B 
BZW04P6V4B 
BZW04-6V4B 
BZW04P7V0B 
BZW04-7V0B 
BZW04P7V8B 
BZW04-7V8B 
BZW04P8V5B 
BZW04-8V5B 
BZW04P9V4B 
BZW04-9V4B 
BZW04P10B 
BZW04-10B 
BZW04P11B 
BZW04-11B 
BZW04P13B 
BZW04-13B 
BZW04P14B 
BZW04-14B 
BZW04P15B 
BZW04-15B 
BZW04P17B 
BZW04-17B 
BZW04P19B 
BZW04-19B8 
BZW04P20B 
BZW04-20B 
BZW04P23B 
BZW04-23B 
BZW04P26B 
BZW04-26B 
BZW04P28B 
BZW04-28B 
BZW04P31B 
BZW04-31B 
BZW04P33B 


5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 


a re a ca ce © 
ee a a Oo Se Cre Cie Cre Ck ap Hil ap Il ap iil ap il ap iil a) 


pv) | (ay [crortecy | (mr 
5.7 


of OOO Nn noon oOo © oO Oo 
OOO WMWOANN DOD FF A DP 


* Pulse test tp<50ms 6<2%. 

** Divide these values by 2 for bidirectional types. 

For bidirectional types, electrical characteristics apply in both directions. 
P : Preferred device. 
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* 


P : Preferred device. 


BZW04-33 
BZW04P37 
BZW04-37 
BZW04P40 
BZW04-40 
BZW04P44 
BZW04-44 
BZW04P48 
BZW04-48 
BZW04P53 
BZW04-53 
BZW04P58 
BZW04-58 
BZW04P64 
BZW04-64 
BZWO04P70 
BZW04-70 
BZW04P78 
BZW04-78 
BZW04P85 
BZW04-85 
BZW04P94 
BZW04-94 
BZW04P102 
BZW04-102 
BZW04P111 
BZW04-114 
BZW04P128 
BZW04-128 
BZW04P136 
BZW04-136 
BZW04P145 
BZW04-145 
BZW04P154 
BZW04-154 
BZWO04P171 
BZW04-171 
BZW04P188 
BZW04-188 
BZW04P213 
BZW04-213 
BZW04P239 
BZW04-239 
BZW04P256 
BZW04-256 
BZW04P273 
BZW04-273 
BZW04P299 
BZW04-299 
BZW04P342 
BZW04-342 
BZW04P376 
BZW04-376 


BZW04-33B 
BZW04P37B 
BZW04-37B 
BZW04P40B 
BZW04-40B 
BZW04P44B 
BZW04-44B 
BZW04P48B 
BZW04-48B 
BZW04P53B 
BZW04-53B 
BZW04P58B 
BZW04-58B 
BZW04P64B 
BZW04-64B 
BZW04P70B 
BZW04-70B 
BZW04P78B 
BZW04-78B 
BZW04P85B 
BZW04-85B 
BZWO04P94B 
BZW04-94B 
BZW04P102B 
BZW04-102B 
BZW04P111B 
BZW04-111B 
BZW04P128B 
BZW04-128B 
BZW04P136B 
BZW04-136B 
BZW04P145B 
BZW04-145B 
BZW04P154B 
BZW04-154B 
BZW04P171B 
BZW04-171B 
BZW04P188B 
BZW04-188B 
BZW04P213B 
BZW04-213B 
BZW04P239B 
BZW04-239B 
BZW04P256B 
BZW04-256B 
BZW04P273B 
BZW04-273B 
BZW04P299B 
BZW04-299B 
BZW04P342B 
BZW04-342B 
BZW04P376B 
BZW04-376B 


Pulse test tps50ms 6<2%. 
** Divide these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristics apply in both directions. 


BZW04-5V8, B —> 376, B/BZWO04P5V8, B —> 376, B 


Inm @ Vam 
max. 
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BZW04-5V8, B —> 376, B/BZWO04P5V8, B —> 376, B 
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Fig.1 —- Peak pulse power versus exponential pulse duration. 
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For intermediate voltages, extrapolate the given results. 


MICROELECTRONICS 


41 ms ---— 


40 ms 
AV (BR) 


= 20 Hs eons 
ky SGS-THOMSON 


t 


Fig.2 - Clamping voltage versus peak pulse current. 
t 


exponential waveform t 
The curves of the figure 2 are specified for a junction temperature of 25 °C 


before surge. The given results may be extrapolated for other junction temperatures 


by using the following formula : 


Note : 
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BZW04-5V8, B —> 376, B/BZWO04P5V8, B —> 376, B 
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Fig.4 —- Power dissipation versus ambient 
Mounting n°2 


temperature. 
INFINITE HEATSINK 


L 
| 
Test point of 


Mounting n°4 


0 


Fig.3 — Allowable power dissipation versus 


junction temperature. 
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Fig.5 - Thermal resistance versus 


lead length. 
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(typical values for unidirectional 


versus peak forward voltage drop 
types) . 


Fig.7 -— Peak forward current 
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Fig.6 -— Transient thermal impedance 
junction-ambient for mounting n°2 


versus pulse duration (L 
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BZW04-5V8, B —> 376, B/BZWO04P5V8, B —> 376, B 
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Fig.€a — Capacitance versus reverse applied Fig.8b - Capacitance versus reverse applied 
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PACKAGE MECHANICAL DATA 
F 126 Plastic 
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Cooling method : by convection (method A). 
Marking : type number ; white band indicates cathode for unidirectional types. 
Weight : 0.4 g. 


1 - The lead diameter @ bo is not controlled over zone Lj. 


2 - The minimum axial lengh within which the device may be placed with 
its leads bent at right angles is 0.59" (15 mm). 
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P6KEG6VSP, A — 440P, A 


ky SGS-THOMSON 


MICROELECTRONICS P6KE6V8CP, CA > 440CP, CA 


UNI-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 


a HIGH SURGE CAPABILITY : 
600 W/1ms EXPO 
=» VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 
a LARGE VOLTAGE RANGE : 
5.8 V—> 376 V 
=» ORDER CODE: 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER + SUFFIX C FOR 
BIDIRECTIONAL TYPES 


DESCRIPTION CB-417 


Plastic 
Transient voltage suppressor diodes especially use- 
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 


ABSOLUTE RATINGS (limiting values) 


ae 


Peak Pulse Power for 1 ms Exponential T, Initial = 25 °C 
W 
Pulse See note 1 


Power Dissipation on Infinite Heatsink Tamb = 75 °C 
l—Esm Non Repetitive Surge Peak Forward T, Initial = 25 °C 400 A 
Current for Unidirectional Types t=10ms__ 
Tstg Storage and Operating Junction Temperature Range —- 55 to 175 °C 
T; 175 °C 
TL Maximum Lead Temperature for Soldering During 10 s at 4 mm 230 io 
from Case 


THERMAL RESISTANCE 


Symbol] —~=~=S=S~S*arameter——SSSSCSC*wCSCS*~*~*~é aS ~S*|Ct 
Junction-leads on Infinite Heatsink for Lieag = 10 mm 


Note: 1. For surges upper than the maximum values, 


the diode will present a short-circuit anode-cathode. x Ipp Pulse wave form 10/1000 
10 ps 
100 
50 caer 
1 
1 
0 t 
ssid DgsTRANSIL1 
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P6KE6V8P, A —> 440P, A/P6KE6V8CP, CA —> 440CP, CA 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


Symbol Parameter 
Stand-off Voltage 
Breakdown Voltage 
Clamping Voltage aa fables 


Peak Pulse Current 


Temperature Coefficient of Var) 


Capacitance 


telamping | Clamping Time (0 volt to Vary) Unidirectional Types 


Forward Voltage Drop for Unidirectional Types (Irm™ = 50 A) 3.5 V max. 


(uA) | (Vv) [ min. [nom | max. (may | (v) | (A) |v) | (A) | (10°#°0)] 
P ; : d : 5.7 


P P6KE6V8P P6KE6V8CP 
P6KE6V8A P6KE6V8CA 
P6KE7V5P P6KE7V5CP 
P6KE7V5A P6KE7V5CA 
P6KE8V2P P6KE8V2CP 
P6KE8V2A P6KE8V2CA 
P6KE9V1P P6KE9V1CP 
P6KE9V1IA P6KESVICA 
P6KE10P P6KE10CP 
P6KE10A P6KE10CA 
P6KE11P P6KE11CP 
P6KE11A P6KE11CA 
P6KE12P P6KE12CP 
P6KE12A P6KE12CA 
P6KE13P P6KE13CP 
P6KE13A P6KE13CA 
P6KE15P P6KE15CP 
P6KE15A P6KE15CA 
P6KE16P P6KE16CP 
P6KE16A P6KE16CA 
P6KE18P P6KE18CP 
P6KE18A P6KE18CA 
P6KE20P P6KE20CP 
P6KE20A P6KE20CA 
P6KE22P P6KE22CP 
P6KE22A P6KE22CA 
P6KE24P P6KE24CP 
P6KE24A P6KE24CA 
P6KE27P P6KE27CP 
P6KE27A P6KE27CA 
P6KE30P P6KE30CP 
P6KE30A P6KE30CA 
P6KE33P P6KE33CP 
P6KE33A P6KE33CA 
P6KE36P P6KE36CP 
P6KE36A P6KE36CA 


Pulse test tp<50ms 8<2%. 
** Divide these values by 2 for bidirectional types. 
For bidirectional types PBKE6V8CP — 11CA, IRM must be double that specified for unidirectional types. 
For bidirectional types, electrical characteristics apply in both directions. 
P : Preferred device. 
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P : Preferred device. 


P P6KE39P 
P6KE39A 
P6KE43P 
P6KE43A 
P6KE47P 
P6KE47A 
P6KE51P 
P6KE51A 
P6KE56P 
P6KE56A 
P6KE62P 
P6KE62A 
P6KE68P 
P6KE68A 
P6KE75P 
P6KE75A 
P6KE82P 
P6KE82A 
P6KE91P 
P6KE91A 
P6KE100P 
P6KE100A 
P6KE110P 
P6KE110A 
P6KE120P 
P6KE120A 
P6KE130P 
P6KE130A 
P6KE150P 
P6KE150A 
P6KE160P 
P6KE160A 
P6KE170P 
P6KE170A 
P6KE180P 
P6KE180A 
P6KE200P 
P6KE200A 
P6KE220P 
P6KE220A 
P6KE250P 
P6KE250A 
P6KE280P 
P6KE280A 
P6KE300P 
P6KE300A 
P6KE320P 
P6KE320A 
P6KE350P 
P6KE350A 
P6KE400P 
P6KE400A 
P6KE440P 
P6KE440A 


P P6KE39CP 


P6KE39CA 
P6KE43CP 
P6KE43CA 
P6KE47CP 
P6KE47CA 
P6KE51CP 
P6KE51CA 
P6KE56CP 
P6KE56CA 
P6KE62CP 
P6KE62CA 
P6KE68CP 
P6KE68CA 
P6KE75CP 
P6KE75CA 
P6KE82CP 
P6KE82CA 
P6KE91CP 
P6KE91CA 
P6KE100CP 
P6KE100CA 
P6KE110CP 
P6KE110CA 
P6KE120CP 
P6KE120CA 
P6KE130CP 
P6KE130CA 
P6KE150CP 
P6KE150CA 
P6KE160CP 
P6KE160CA 
P6KE170CP 
P6KE170CA 
P6KE180CP 
P6KE180CA 
P6KE200CP 
P6KE200CA 
P6KE220CP 
P6KE220CA 
P6KE250CP 
P6KE250CA 
P6KE280CP 
P6KE280CA 
P6KE300CP 
P6KE300CA 
P6KE320CP 
P6KE320CA 
P6KE350CP 
P6KE350CA 
P6KE400CP 
P6KE400CA 
P6KE440CP 
P6KE440CA 


Pulse test tp<50ms 6<2%. 
** Divide these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristics apply in both directions. 


P6KE6V8P, A —> 440P, A/P6KE6V8CP, CA —> 440CP, CA 


Inm @ Vam 
max. 
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P6KE6V8P, A —> 440P, A/P6KE6V8CP, CA —> 440CP, CA 
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Fig.4 - Peak pulse power versus exponential pulse duration. 
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AV (an) =%T(v(BA)) X [Tj - 25] X V (gp) 


For intermediate voltages, extrapolate the given results. 
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Fig.2 —- Clamping voltage versus peak pulse current. 


exponential waveform t = 20 
The curves of the figure 2 are specified for a junction temperature of 25 °C 


before surge. The given results may be extrapolated for other junction temperatures 


by using the following formula : 


Note : 


4/6 
842 


P6KE6V8P, A —> 440P, A/P6KE6V8CP, CA —> 440CP, CA 
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Fig.4 - Power dissipation versus ambient 
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Fig.3 -— Allowable power dissipation versus 


junction temperature. 
Fig.5 - Thermal resistance versus 


lead length. 
Zth j-a (°C/W) 
ne a 

" 

I 

8 

i 

| 

i 

ji 

| 


Rtn (°C/W) 


» FEE 
0 


itt it A i 


10° 

10 
4 
a 


5/6 
843 


(typical values for unidirectional 


versus peak forward voltage drop 
types) . 


Fig.7 - Peak forward current 
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Fig.6 -— Transient thermal impedance 
junction-ambient for mounting n°2 


versus pulse duration (L 
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P6KE6V8P, A —> 440P, A/P6KE6V8CP, CA —> 440CP, CA 
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Fig.8b - Capacitance versus reverse applied 


voltage for bidirectional types 


(typical values) . 


Fig.8a - Capacitance versus reverse applied 


voltage tor unidirectional types 
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PACKAGE MECHANICAL DATA 


CB-417 Plastic 
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Marking : type number ; white band indicates cathode for unidirectional types. 


Cooling method : by convection (method A). 
Weight : 0.6 g. 
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UNIDIRECTIONAL TRANSIENT VOLTAGE SUPPRESSOR 


DESCRIPTION 

Transient voltage suppressor diode especially des- 
igned for transistor protection in electronic ignition 
circuit. 


Connected accross collector and base it avoids any F12 
transistor damage when spark plug is fouled or dis- nee 
connected. 


ABSOLUTE RATINGS (limiting values) 


Symbol 
Continuous Reverse Current Tamb =50°C ay 


Prsm | Non Repetitive Surge Peak Power Ty Initial = 25 °C 300 W 
Dissipation t=1ms 

°C 

°C 


Operating Temperature ~ 55 to 150 °C 


T stg Storage and Junction Temperature Range — 55 to 150 
18 150 
TL Maximum Lead Temperature for Soldering During 3 s at 5 mm 300 °C 
from Case 


THERMAL RESISTANCE 


saud 


Junction-leads on Infinite Heatsink for Ljeag = 10 mm 


April 1989 1/5 


845 


PL360D 


ELECTRICAL CHARACTERISTICS 


QT Inm/Vram 
typ. max. 
1 


PL 360 D 330 370 


PACKAGE MECHANICAL 
F 126 Plastic 


| @D | 295 | 3.05 | 0.116 | 0.120. 1 - The lead diameter @ bz is not controlled over zone L;. 
2 - The minimum axial len ithi j j 

7 gh within which the device may be 
nae Shoah see placed with its leads bent at right angles is 0.59" (15 mm). 
aa, ee. er ee ses - || 1050". ; 


Cooling method : by convection (method A) 
Marking : type number ; white band indicates cathode. 
Weight:04g 
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Fig.4 - Peak pulse power versus exponential pulse duration. 


Fig.2 —- Clamping voltage versus peak pulse current 


exponential waveform t 


20 ps PPTTT TTT TTT 
41 ms 


t= 


The curves of the figure 2 are specified for a junction temperature of 25 


before surge. 


Note : 


The given results may be extrapolated for other junction temperatures 


AV (pA) =%T(v(BR)) *X [Ty - 25] X V (pp) 


extrapolate the given results. 


by using the following formula : 


For intermediate voltages, 
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Fig.4 — Power dissipation versus ambient 


temperature. 


Fig.3 - Allowable power dissipation versus 


junction temperature. 
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Fig.5 - Thermal resistance versus 


lead length. 
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Fig.7 - Peak forward current 


Fig.6 -— Transient thermal impedance 


versus peak forward voltage drop 


°2 


ambient for mounting n 
versus pulse duration (L = 10 mm). 
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(typical values for unidirectional 


types) . 
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Gar SGS-THOMSON 1.5KE6V8P,A — 440P,A 
/ | MICROELECTRONICS 1.5KE6V8CP,CA — 440CP,CA 


UNI-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 


« HIGH SURGE CAPABILITY : 
1.5 kW / 1 ms EXPO 
=» VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 
m LARGE VOLTAGE RANGE : 
5.8 V > 376 V 
s ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER + SUFFIX C FOR 
BIDIRECTIONAL TYPES 


DESCRIPTION CB-429 


Plastic 
Transient voltage suppressor diodes especially use- 
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 


ABSOLUTE RATINGS (limiting values) 


Peak Pulse Power for 1 ms Exponential T, Initial = 25 °C 
1.5 kW 
Pulse See note 1 


Power Dissipation on Infinite Heatsink 


lesm Non Repetitive Surge Peak Forward T, Initial = 25 °C 250 A 
Current for Unidirectional Types t=10ms 


THERMAL RESISTANCE 


Symbol 


Junction-leads on Infinite Heatsink for Lieag = 10 mm °C/W 
Note: 1. For surges upper than the maximum values, 
the diode will present a short-circuit anode-cathode. x Ipp Pulse wave form 40/4000 
40 us 
400 
50 =o 
t 
I 
0 t 
ims D88TRANSIL1 
February 1989 1/6 
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1.5KE6V8P, A —> 440P, A/1.5KE6V8CP, CA —> 440CP, CA 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


Stand-off Voltage 
Breakdown Voltage 
Clamping Voltage 


See tables 
esaing. = | Peak Pulse Current 
Temperature Coefficient of Visr) 
Capacitance 
tclamping | Clamping Time (0 volt to Vigr)) 
Tarvin | ewerne crete on) [sinless 


Inm @ Vrm 
max. 


Value 


Parameter 


V(BR)* 
typ. 
Vr=-0 
f=1 MHz 


Bidirectional (GA) |W) [min [nom.[max [omar] w) [ay [ow [a [aero] or) 
: : : 5.7 


1.5KE6V8P 
1.5KE6V8A 
1.5KE7V5P 
1.5KE7V5A 
1.5KE8VeP 
1.5KE8V2A 
1.5KE9V1P 
1.5KE9V1IA 
1.5KE10P 
1.5KE10A 
1.5KE11P 
1.5KE11A 
1.5KE12P 
1.5KE12A 
1.5KE13P 
1.5KE13A 
1.5KE15P 
1.5KE15A 
1.5KE16P 
1.5KE16A 
1.5KE18P 
1:5KE18A 
1.5KE20P 
1.5KE20A 
1.5KE22P 
1.5KE22A 
1 S5KE24P 
1.5KE24A 
1.5KE27P 
1.5KE27A 
1.5KE30P 
1.5KE30A 
1.5KE33P 
1.5KE33A 
1 5KE36P 
1.5KE36A 


P 1.5KE6V8CP 


1.5KE6V8CA 
1.5KE7V5CP 
1.5KE7V5CA 
1 5SKE8V2CP 
1.5KE8V2CA 
1.5KE9V1CP 
1.5KE9V1CA 
1.5KE100P 
1.5KE10CA 
1.5KE11CP 
1.5KE11CA 
1.5KE12CP 
1.5KE12CA 
1.5KE13CP 
1.5KE13CA 
1.5KE15CP 
1.5KE15CA 
1.5KE16CP 
1.5KE16CA 
1.5KE18CP 
1.5KE18CA 
1.5KE20CP 
1.5KE20CA 
1.5KE22CP 
1.5KE22CA 
1.5KE24CP 
1.5KE24CA 
1.5KE27CP 
1.5KE27CA 
1.5KE30CP 
1.5KE30CA 
1.5KE33CP 
1.5KE33CA 
1.5KE36CP 
1.5KE36CA 


5.8 


Cee ee een ee ee ee ee ee ee ee ee ee ee ee eo 


5 
5 
5 
5 
5 
) 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 


1.5KE39P P 1.5KE39CP 


* Pulse test tp<50ms 5<2%. 

** Divide these values by 2 for bidirectional types. 

§ For bidirectional types 1.5KE6V8CP — 11CA, Inw must be double that specified for unidirectional types. 
For bidirectional types, electrical characteristics apply in both directions. 

P : Preferred device. 
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1.5KE39A 
P 1.5KE43P 
1.5KE43A 
P 1.5KE47P 
1.5KE47A 
P 1.5KE51P 
1.5KE51A 
1.5KE56P 
1.5KE56A 
1.5KE62P 
1.5KE62A 
P 1.5KE68P 
1.5KE68A 
1.5KE75P 
1.5KE75A 
P 1.5KE82P 
1.5KE82A 
1.5KE91P 
1.5KE91A 
1.5KE100P 
1.5KE100A 
1.5KE110P 
1.5KE110A 
1.5KE120P 
1.5KE120A 
1.5KE130P 
1.5KE130A 
1.5KE150P 
1.5KE150A 
1.5KE160P 
1.5KE160A 
P 1.5KE170P 
1.5KE170A 
P 1.5KE180P 
1.5KE180A 
P 1.5KE200P 
1.5KE200A 
1.5KE220P 
1.5KE220A 
P 1.5KE250P 
1.5KE250A 
1.5KE280P 
1.5KE280A 
P 1.5KE300P 
1.5KE300A 
1.5KE320P 
1.5KE320A 
P 1.5KE350P 
1.5KE350A 
P 1.5KE400P 
1.5KE400A 
P 1.5KE440P 
1.5KE440A 


a) 


0 


1.5KE39CA 
1.5KE43CP 
1.5KE43CA 
1.5KE47CP 
1.5KE47CA 
1.5KE51CP 
1.5KE51CA 
1.5KE56CP 
1.5KE56CA 
1.5KE62CP 
1.5KE62CA 
1.5KE68CP 
1.5KE68CA 
1.5KE75CP 
1.5KE75CA 
1.5KE82CP 
1.5KE82CA 
1.5KE91CP 
1.5KE91CA 
1.5KE100CP 
1.5KE100CA 
1.5KE110CP 
1.5KE110CA 
1.5KE120CP 
1.5KE120CA 
1.5KE130CP 
1.5KE130CA 
1.5KE150CP 
1.5KE150CA 
1.5KE160CP 
1.5KE160CA 
1.5KE170CP 
1.5KE170CA 
1.5KE180CP 
1.5KE180CA 
1.5KE200CP 
1.5KE200CA 
1.5KE220CP 
1.5KE220CA 
1.5KE250CP 
1.5KE250CA 
1.5KE280CP 
1.5KE280CA 
1.5KE300CP 
1.5KE300CA 
1.5KE320CP 
1.5KE320CA 
1.5KE350CP 
1.5KE350CA 
1.5KE400CP 
1.5KE400CA 
1.5KE440CP 
1.5KE440CA 


* Pulse test tps 5O0ms 6<2%. 
“ Divide these values by 2 for bidirectional types. 

For bidirectional types, electrical characteristics apply in both directions. 
P : Preferred device 


Types Inm @ Vam 
max. 
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1.5KE6V8P, A —> 440P, A/1.5KE6V8CP, CA —> 440CP, CA 
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Fig.4 — Peak pulse power versus exponential pulse duration. 
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MICROELECTRONICS 


4 ms --- 
AV (BR) =%T (Vv (BA)) xX [T; - 25) x V (BR) 


| 
= 20 ps wovcccccce 
t 
t 
For intermediate voltages, extrapolate the given results. 
7 SGS-THOMSON 


Fig.2 -— Clamping voltage versus peak pulse current. 


exponential waveform t 
The curves of the figure 2 are specified for a junction temperature of 25 °C 


before surge. The given results may be extrapolated for other junction temperatures 


by using the following formula : 


Note : 


4/6 
854 


1.5KE6V8P, A —> 440P, A/1.5KE6V8CP, CA —> 440CP, CA 
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Fig.4 -— Power dissipation versus ambient 


temperature. 


Fig.3 — Allowable power dissipation versus 


junction temperature. 


= 
5 

wv 
MW Oo 
oc lu 
ce 
Oo 
ios) 
co 
“et LU 
wk 
(ola = 
3 ee 
oct 
=a 
4 
= 
eH 
on 
“a << 
o WW 4d 
(== a 
Om WJ 
ck 
tH 
4 
cH 
Dw 
oz 
=H 


Test point of 
teonnexion 


Soldering 


Tey (A) 


Fig.5 — Thermal resistance versus 
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Fig.7 -— Peak forward current 


Fig.6 - Transient thermal impedance 


junction-ambient for mounting n°2 


versus peak forward voltage drop 


(typical values for unidirectional 


types) . 


versus pulse duration (L = 410 mm). 
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1.5KE6V8P, A —> 440P, A/1.5KE6V8CP, CA —> 440CP, CA 
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PACKAGE MECHANICAL DATA 
CB-429 Plastic 


L4jnote 4 


1 - The lead diameter @ bo is not controlled over zone L}. 


tf 
Hl 
f 


2 - The minimum axial lengh within which the device may be placed with 
its leads bent at right angles is 0.70" (18 mm). 


Cooling method . by convection (method A). 
Marking : type number ; white band indicates cathode for unidirectional types. 


Weight : 0.9 g. 
6/6 CT SGS-THOMSON 
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ka, SGS-THOMSON 
JM iwicROELECTROWICS BZW50-10,B + 180, B 


UNI-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 


=» HIGH SURGE CAPABILITY : 
5 kW / 1 ms EXPO 

a VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

m» LARGE VOLTAGE RANGE : 
10V>5180V 

» ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER + SUFFIX B FOR 
BIDIRECTIONAL TYPES 


AG 
(Plastic) 
DESCRIPTION 


Transient voltage suppressor diodes especially use- 
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 


ABSOLUTE RATINGS (limiting values) 


Peak Pulse Power for 1 ms Exponential T, Initial = 25 °C 
kW 
Pulse See note 1 


Power Dissipation on Infinite Heatsink 


5 
lFSm Non Repetitive Surge Peak Forward T; Initial = 25 °C 500 A 
Current for Unidirectional Types t=10ms 
230 


Tstg Storage and Operating Junction Temperature Range — 65 to 150 °C 
Tj 150 °C 
TL Maximum Lead Temperature for Soldering During 10 s at 4 mm 
from Case 


THERMAL RESISTANCE 


Symbol 


Rthy-l) | Junction-leads on Infinite Heatsink for Ljeag = 10 mm 
Note: 1. For surges upper than the maximum values, 
the diode will present a short-circuit anode-cathode. x Ipp Pulse wave form 10/4000 
10 ps 
400 
50 ears 
1 
I 
0 t 
1 ms D88TRANSIL1 
February 1989 1/5 
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BZW50-10,B — 180,B 


ELECTRICAL CHARACTERISTICS (Tj = 25 °C) 


Symbol 
Stand-off Voltage 


Breakdown Voltage 
Clamping Voltage 646 tables 


Peak Pulse Current 


Value 


Parameter 


Temperature Coefficient of Var) 


| top 
Capacitance 


Clamping Time (0 volt to Vary) Unidirectional Types 


Bidirectional Types 


Inm @ Vam 
max. 


Bidirectional [AY |W) [min. [nom.[max [oma] [a |) | a) [aero] or) 
: : ‘ ; 7.8 


BZW50-10 
BZW50-12 
BZW50-15 
BZW50-18 
BZW50-22 
BZW50-27 
BZW50-33 
BZW50-39 
BZW50-47 
BZW50-56 
BZW50-68 
BZW50-82 


BZW50-10B 
BZW50-12B 
BZW50-15B 
BZW50-18B 
BZW50-22B 
BZW50-27B 
BZW50-33B 
BZW50-39B 
BZW50-47B 
BZW50-56B 
BZW50-68B 
BZW50-82B 


10 
12 
15 
18 
22 
27 
33 
39 
47 
56 
68 
82 


BZW50-100 BZW50-100B 
BZW50-120 BZW50-120B 
BZW50-150 BZW50-150B 
BZW50-180 BZW50-180B 


* Pulse test tp<S50ms 8<2%. 
** Divide these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristics apply in both directions. 


120 
150 
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BZW50-10,B — 180,B 
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Fig.4 - Peak pulse power versus exponential pulse duration. 
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AV (pn) =%T(v(BA)) X IT; - 25] X Vega) 
MICROELECTRONICS 


40 
ims -<-~-+ 
t = 10 ms 
Olate the given results. 
ST] SGS-THOMSON 


t 


4 
The curves of the figure 2 are specified for a junction temperature of 25 °C 


Fig.2 - Clamping voltage versus peak pulse current. 
before surge. The given results may be extrapolated for other junction temperatures 


exponential waveform t = 20 HS - 


For intermediate voltages, extrap 


by using the following formula : 
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BZW50-10,B — 180,B 
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Fig.8b — Capacitance versus reverse applied 


voltage for bidirectiunal types 


(typical values) . 


Fig.6a - Capacitance versus reverse applied 


voltage for unidirectional types 


(typical values) . 
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PACKAGE MECHANICAL DATA 


AG Plastic 
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its leads bent at right angles is 0.79" (20 mm). 


Cooling method : by convection (method A). 


Marking : type number 


Weight : 1 g. 


; white band indicates cathode for unidirectional types. 
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{j, SGS-THOMSON = =—SsBZW 100-20 
7 iicroztectromcs BZW 100-24 


UNIDIRECTIONAL TRANSIENT VOLTAGE SUPPRESSORS 


a HIGH SURGE CAPABILITY : 
1.8kW/15ms EXPO 
=» VERY FAST CLAMPING TIME : 1 ps 


a 


AG 
(Plastic) 


DESCRIPTION 


Transient voltage suppressor diodes especially de- 
signed for load dump effect protection. 


ABSOLUTE RATINGS (limiting values) 


Symbol 


Peak Pulse Power for 15 ms Exponential T, Initial = 25 °C 1800 
Pulse See note 1 


Power Dissipation on Infinite Heatsink We 


lFSm Non Repetitive Surge Peak Forward Current a Initial = 25 °C A 
t= 10ms 
Ee Storage and Operating Junction Temperature Range — 65 to 150 = 
150 
Maximum Lead Temperature for Soldering During 10 s at 4 mm 
from Case 


THERMAL RESISTANCE 


Junction-leads on Infinite Heatsink for Lieag = 10 mm 


Note: 1. For surges upper than the maximum values, 
the diode will present a short-circuit anode-cathode. 


= 


= 


80 x e —vV0.188 


oO 100 200 300 t(ms) 


LOAD DUMP TRANSIENT (standard SAE J1113A). 
D88TRANSIL2 
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BZW 100-20/BZW 100-24 


ELECTRICAL CHARACTERISTICS (7; = 25°C) 


See table 


Ve Peak Forward Voltage Drop (Ify = 10 A) 


Unidirectional 
Types 


* Pulse test tp<s50ms 6<2%. 


PACKAGE MECHANICAL DATA 
AG Plastic 


1 - The lead diameter © bo is not controlled over zone L, 


2 - The minimum axial lengh within which the device may be placed with 
its leads bent at right angles ts 0.79" (20 mm). 


Cooling method : by convection (method A). 
Marking * type number ; white band indicates cathode 


Weight : 1 g. 
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Fig.2 — Clamping voltage versus peak pulse current 
exponential waveform t = 15 MS cmresre 
t= ims 


Note : The curves of the figure 2 are specified for a junction temperature of 25 °C 
before surge. The given results may be extrapolated for other junction temperatures 
by using the following formula : AV(gny =%tT(v(pA)) X IT} - 25] X Vga) 

For intermediate voltages, extrapolate the given results. 
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BZW 100-20/BZW 100-24 
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Fig.4 — Power dissipation versus ambient 


temperature. 


Fig.3 — Allowable power dissipation versus 


junction temperature. 
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versus peak forward voltage drop 


Fig.7 - Peak forward current 
(maximum values) . 


Fig.5 - Thermal resistance versus 


lead we 
Fig.6 ~— Transient thermal impedance 


junction-ambient for mounting n°2 
versus pulse duration (L = 10 mm). 
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Fig.8 — Capacitance versus reverse 
apiied voltage (typical values). 
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SM4T6V8, A > 220, A 


MICROELECTRONICS SM4T6V8C, A >200C, A 
UNI-AND BIDIRECTIONAL TRANSIENT 


a HIGH SURGE CAPABILITY : 
400 W/1ms EXPO 
= VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 
m LARGE VOLTAGE RANGE : 
5.5 V7 188 V 
= ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER + SUFFIX C FOR 
BIDIRECTIONAL TYPES 


DESCRIPTION 


Transient voltage suppressor diodes especially use- 
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 


ABSOLUTE RATINGS (limiting values) 


l-Fsm Non Repetitive Surge Peak Forward 


Current for Unidirectional Types 


THERMAL RESISTANCE 


Svabt 


Peak Pulse Power for 1 ms Exponential 
Pulse 


Power Dissipation on Infinite Heatsink Tamb = 25 °C 


T, Initial = 25 °C 


T; Initial = 25 °C 


50 
T stg Storage and Operating Junction Temperature Range — 65 to 175 °C 
T 150 °C 


Th Maximum Lead Temperature for Soldering During 10 s 


VOLTAGE SUPPRESSORS 


ae 


SOD 6 
(Plastic) 


SURFACE MOUNT TRANSIL FEATURES 


» A PERFECT PICK AND PLACE BEHAVIOUR 

» AN EXCELLENT ON BOARD STABILITY 

» AFULL COMPATIBILITY WITH BOTH GLUING 
AND PASTE SOLDERING TECHNOLOGIES 

» BODY MARKED WITH TYPE CODE AND 
LOGO 

= STANDARD PACKAGING:12 mm TAPE 
(EIA STD. RS481) 

= TINNED COPPER LEADS 

» HIGH TEMPERATURE RESISTANT RESIN 


See note 1 


> 


t=10ms 


Symbol| Parameter =| Sale |i 
Note: 1. For surges upper than the maximum values, XI 
the diode will present a short-circuit anode-cathode. PP 40 us Pulse wave form 10/1000 
100 
50 =i 
1 
1 
0 t 
1 ms D88TRANSIL1 


February 1989 


SM4T6V8, A —> 220, A/SM4T6V8C, A —> 200C, A 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


Symbol Parameter 
Stand-off Voltage “ 
Breakdown Voltage 
Clamping Voltage San tabled 


Peak Pulse Current 


——ao Coefficient of Var) 


| = C _| Capacitance 


re Clamping Time (0 volt to V(Br)) Unidirectional Types 
Bidirectional Types 


lam @ Vam Visa)’ @ In | Vcr) @ Ipp | Vier) @ Ipp 
max. (V) max. max. 


Ims expo | 8-20us expo 


Unidirec- | Bidirec- |Unidirec-|Bidirec-| (uA) | (V) (V) (V) | (A) |(107 an 
tional tional tional | tional 


SM4T6V8 |SM4T6V8C 
SM4T6V8A |SM4T6V8CA 
SM4T7V5 |SM4T7V5C 
SM4T7V5A |SM4T7V5CA 
SM4T10C 
SM4T10CA 
SM4T12C 
SM4T12CA 
SM4T15C 
SM4T15CA 
SM4T18C 
SM4T18CA 


SM4T100A |SM4T100CA 

SM4T150 |SM4T150C 

SM4T150A |SM4T150CA 
SM4T200C 
SM4T200CA 


10 
10 
10 
10 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


Aaa nrianrarinnainr ai aiaa»a»aananaian an anno ooo oO oH 


Pulse test tp<50ms 8<2% 
** Divide these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristics apply in both directions. 
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SM4T6V8, A —> 220, A/SM4T6V8C, A —> 200C, A 


ORDER CODE 


SM 4 T 6V8 CA 


Surface Mount device | _ Tolerances : with suffix A + 5% 
without suffix + 10 % 
Power range : 4 > 400 W 
Products characteristics : 
TRANSIL .T without suffix Unidirectional 


with suffix C Bidirectional 


VBR voltage range 


PACKAGE MECHANICAL DATA 
SOD 6 Plastic 


Laser marking. 
The logo indicates cathode for unidirectional types. 


D8BSOD 


FOOT PRINT DIMENSIONS (Millimeters) 


D88SOD6 


G7 SGS-THOMSON _ 
7 CROELECTROMICS 
871 


SM4T6V8, A —> 220, A/SM4T6V8C, A —> 200C, A 
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Fig.4 - Peak pulse power versus exponential pulse duration. 


Tj initial = 25 ag 


a 


ssa ee 2 4 RS ee ee 8 eee eee 
Se ee ee) 0 Ne 
OS a) a 0 ek 


Pe 
eC 


WA ETAL VI | 


Fig.2 - Clamping voltage versus peak pulse current. 


exponential waveform t = 


The curves of the figure 2 are specified for a junction temperature of 25 °C 


Note : 


The given results may be extrapolated for other junction temperatures 


before surge. 


by using the following formula : 


For intermediate voltages 


AV (pra) =*T(v(pA)) X {T} - 25] X V (ga) 


extrapolate the given results. 
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SM4T6V8, A —> 220, A/SM4T6V8C, A —> 200C, A 
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Fig.3 - Allowable power dissipation versus 


junction temperature. 
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Fig.5 -— Thermal resistance junction- 


ambient versus Cu surface (printed circuit) . 
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Fig.6 - Transient thermal impedance 
junction-ambient versus pulse duration. 
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Fig.4 - Power dissipation versus ambient 
temperature. 
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Fig.7 - Peak forward current 
versus peak forward voltage drop 
(typical values for unidirectional 
types) . 


5/6 


873 


SM4T6V8, A —> 220, A/SM4T6V8C, A —> 200C, A 
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Fig.8b - Capacitance versus reverse applied 


voltage for bidirectional types 


Fig.6a - Capacitance versus reverse applied 


voltage for unidirectional types 


(typical values) . 


(typical values) . 
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ky 


SGS-THOMSON 
MICROELECTRONICS SM6T6V8C, A 200C, A 


SM6T6V8, A — 220, A 


UNI-AND BIDIRECTIONAL TRANSIENT 


» HIGH SURGE CAPABILITY : 
600 W/1 ms EXPO 
uw VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 
mu LARGE VOLTAGE RANGE : 
5.5 V > 188 V 
=» ORDER CODE: 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER + SUFFIX C FOR 
BIDIRECTIONAL TYPES 


DESCRIPTION 


Transient voltage suppressor diodes especially use- 
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 


ABSOLUTE RATINGS (limiting values) 


Peak Pulse Power for 1 ms Exponential 
Pulse 


lFSM Non Repetitive Surge Peak Forward 


Current for Unidirectional Types 


THERMAL RESISTANCE 


Symbol 


T, Initial = 25 °C 


T, Initial = 25 °C 


Power Dissipation on Infinite Heatsink Tamb = 25 °C 


50 A 

T stg Storage and Operating Junction Temperature Range - 65 to 175 °C 
T 150 °C 
°C 


TL Maximum Lead Temperature for Soldering During 10 s 


VOLTAGE SUPPRESSORS 


os 


SOD 6 
(Plastic) 


SURFACE MOUNT TRANSIL FEATURES 


» A PERFECT PICK AND PLACE BEHAVIOUR 

as AN EXCELLENT ON BOARD STABILITY 

s AFULL COMPATIBILITY WITH BOTH GLUING 
AND PASTE SOLDERING TECHNOLOGIES 

» BODY MARKED WITH TYPE CODE AND 
LOGO 

= STANDARD PACKAGING: 12 mm TAPE 
(EIA STD. RS481) 

» TINNED COPPER LEADS 

a HIGH TEMPERATURE RESISTANT RESIN 


See note 1 


t=10ms 


[260d 


Symbol] —~=S=S~S~i armor SSC~YSSCSCS*CS te ~S|CUnit— 
Junction-leads 
Note: 1. Forsurges upper than the maximum values, . xI 
the diode will present a short-circuit anode-cathode. a 40 us Pulse wave form 40/1000 
400 
50 27. 
1 
! 
0 t 


February 1989 


4 MS  pssTRANSIL1 


SM6T6V8, A —> 220, A/SM6T6V8C, A —> 200C, A 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


Parameter 
Stand-off Voltage 
Breakdown Voltage 
Clamping Voltage Sea iables 
a eee Peak Pulse Current 
Temperature Coefficient of Visr) 
Capacitance 

Clamping Time (0 volt to Vian) 
aad 


Inu @ Vam Vipry’ @ In | Vcr) @ Ipp | Veer) @ Ipp C** 
max. (V) max. max. typ. 
VR=0 
Ims expo | 8-20us expo f=1MHz 


Unidirec- | Bidirec- |Unidirec-|Bidirec-| (uA) | (V) (V) (V) (1074/°C) 
tional tional tional | tional 
8 | 55 14 5.7 


SM6T6V8C 250 
SM6T6V8CA 261 
SM6T7V5C 230 
SM6T7V5CA 241 
SM6T10C 369 
SM6T10CA 387 
SM6T12C 317 
SM6T12CA 332 
SM6T15C 254 
SM6T15CA 265 
SM6T18C 212 
SM6T18CA 222 
SM6T22C 175 
SM6T22CA 183 
160 
168 
143 
149 
128 
134 
117 
122 
107 
112 
99 
103 
57 
59.5 
38.5 
40.5 
26 
ete 
19.4 
20.4 


SM6T24C 
SM6T24CA 


SM6T30CA 
SM6T33C 
SM6T33CA 
SM6T36C 
SM6T36CA 
SM6T39C 
SM6T39CA 
SM6T68C 
SM6T68CA 
SM6T100C 
SMET1O0CA 
SM6T150C 
SM6T150CA 
SM6T200C 
SM6T200CA 


ee sa a es ss et se ee te ets se se ke ke te sk tS OO OC 


—_ ak 
anni nr nr aiananaa»nnnraiananiaan aiaaa&aanoaon an tn om etn © © 


* Pulse test tps50ms 6<2%. 
** Divide these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristics apply in both directions. 
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SM6T6V8, A —> 220, A/SM6T6V8C, A —> 200C, A 


ORDER CODE 


SM 6 T 6V8 CA 


Surface Mount device | —_ Tolerances : with suffix A + 5% 


without suffix + 10 % 


Power range :6 — 600 W 
Products characteristics : 
TRANSIL : T without suffix Unidirectional 
with suffix C Bidirectional 


VBR voltage range 


PACKAGE MECHANICAL DATA 
SOD 6 Plastic 


Laser marking. 


The logo indicates cathode for unidirectional types. 
E 


De8asood 


FOOT PRINT DIMENSIONS (Millimeters) 
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SM6T6V8, A —> 220, A/SM6T6V8C, A —> 200C, A 
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Fig.2 - Clamping voltage versus peak pulse current. 
exponential waveform t = 20 US cress 

t= ims--- 

t= 


Note : The curves of the figure 2 are specified for a junction temperature of 25 °C 
before surge. The given results may be extrapolated for other junction temperatures 
by using the following formula : AV(gny =% 7 (v(BR)) X [Tj - 25] X V (gq) 
For intermediate voltages, extrapolate the given results. 
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SM6T6V8, A —> 220, A/SM6TEV8C, A —> 200C, A 
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Fig.3 - Allowable power dissipation versus 


junction temperature. 
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Fig.5 - Thermal resistance junction- 


ambient versus Cu surface (printed circuit) . 
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Fig.6 - Transient thermal impedance 
junction-ambient versus pulse duration. 
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Fig.4 -— Power dissipation versus ambient 
temperature. 
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Fig.7 - Peak forward current 
versus peak forward voltage drop 
(typical values for unidirectional 
types) . 
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Fig.68b - Capacitance versus reverse applied 


voltage for bidirectional types 


(typical values). 


Fig.@8a - Capacitance versus reverse applied 


voltage for unidirectional types 


(typical values) . 
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SM15T6V8, A > 220,A 


MICROELECTRONICS SM15T6V8C, A > 200C, A 


UNI-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 


a HIGH SURGE CAPABILITY : 
1.5 kW/1ms EXPO 

a VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

a LARGE VOLTAGE RANGE : 
55V>5188V 

=» ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER + SUFFIX C FOR 
BIDIRECTIONAL TYPES 


DESCRIPTION 


Transient voltage suppressor diodes especially use- 
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 


ABSOLUTE RATINGS (limiting values) 


SOD 15 
(Plastic) 


SURFACE MOUNT TRANSIL FEATURES 


s A PERFECT PICK AND PLACE BEHAVIOUR 

» AN EXCELLENT ON BOARD STABILITY 

» AFULL COMPATIBILITY WITH BOTH GLUING 
AND PASTE SOLDERING TECHNOLOGIES 

s BODY MARKED WITH TYPE CODE AND 
LOGO 

» STANDARD PACKAGING: 12 mm TAPE 
(EIA STD. RS481) 

=» TINNED COPPER LEADS 

a» HIGH TEMPERATURE RESISTANT RESIN 


Parameter 


Peak Pulse Power for 1 ms Exponential 
Pulse 


Ee es Power Dissipation on Infinite Heatsink 


Non Repetitive Surge Peak Forward 
Current for Unidirectional Types 


T, Initial = 25 °C 


See note 1 
Tamb =25 °C 


T; Initial = 25 °C 


t=10ms 


THERMAL RESISTANCE 


Junction-leads "CW 
Note: 1. For surges upper than the maximum values, x I 
the diode will present a short-circuit anode-cathode. PP 40 us Pulse wave form 10/1000 
4100 
50 pane 
i 
1 
0 t 
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SM15T6V8, A —> 220, A/SM15T6V8C, A —> 200C, A 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


Symbol Parameter 
Stand-off Voltage 
QT 


Breakdown Voltage 
Clamping Voltage San tables 


Peak Pulse Current 


Lar | Temperature Coefficient of Visr) 


Cc Capacitance 


telamping | Clamping Time (0 volt to V(sr)) Unidirectional Types 
Bidirectional Types 


Inu @ Vam VipR)* Vict) @ Ipp | Vier) @ Ipp 
max. (V) max. max. 


1ms expo | 8-20us expo 


Unidirec- Bidirec- |Unidirec-|Bidirec-) (uA) | (V) (V) (V) (10-4/°C) 
tional tional tional | tional 
: ; : : 14 5.7 


714 
746 
660 
690 
928 
968 
793 
829 
634 
662 
529 
594 
437 
458 
401 
421 
356 
373 
321 
336 
292 
305 
267 
280 
246 
258 
142 
148 

96 
101 

65 

68 


SM15T10C 
SM15T10CA 


SM15T15CA 
SM15T18C 
SM15T18CA 
SM15T22C 
SM15T22CA 
SM15T24C 


SM15T30C 
SM15T30CA 
SM15T33C 
SM15T33A |SM15T33CA 
SM15T36 {SM15T36C 
SM15T36A |SM15T36CA 
SM15T39C 
SM15T39CA 
SM15T68C 


51 


10 
10 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4) 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
+) 
5 
5 
5 
5 
5 


Ct ee Ce Soe Sane Ce Cnn SEDC Conny Caan Crna CEDGnnY CDOs CE © 


* Pulse test tp<50ms 6<2%. 
** Divide these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristics apply in both directions. 
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SM15T6V8, A —> 220, A/SM15T6V8C, A —> 200C, A 


ORDER CODE 


SM 15 T 6V8 CA 


Surface Mount device | —_ Tolerances : with suffix A + 5 % 


without suffix + 10 % 


Power range : 15 — 1500 W 
Products characteristics : 
TRANSIL : T without suffix Unidirectional 
with suffix C Bidirectional 


VBR voltage range 


PACKAGE MECHANICAL DATA 
SOD 15 Plastic 


Laser marking. 


The logo indicates cathode for unidirectional types. 
E 


DBs8soD 


FOOT PRINT DIMENSIONS (Millimeters) 
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SM15T6V8, A —> 220, A/SM15T6V8C, A —> 200C, A 
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Fig.4 - Peak pulse power versus exponential pulse duration. 


Fig.2 - Clamping voltage versus peak pulse current. 


exponential waveform t = 20 PS isesteeste 


D8BSM15TP4 


AV (gpa) =% tT (v(BR)) X [T} - 25] X V (gp) 
MICROELECTRONICS 


For intermediate voltages, extrapolate the given results. 
ST] SGS-THOMSON 


The curves of the figure 2 are specified for a junction temperature of 25 °C 
before surge. The given results may be extrapolated for other junction temperatures 


by using the following formula : 


Note : 
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Fig.3 - Allowable power dissipation versus 


junction temperature. 
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Fig.5 - Thermal resistance junction- 


ambient versus Cu surface (printed circuit) . 
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Fig.6 - Transient thermal impedance 


junction-ambient versus pulse duration. 
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Fig.4 - Power dissipation versus ambient 
temperature. 
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Fig.7 -— Peak forward current 
versus peak forward voltage drop 
(typical values for unidirectional 
types) . 
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SM15T6V8, A —> 220, A/SM15T6V8C, A —> 200C, A 
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SM15T6V8, A —> 220, A/SM15T6V8C, A —> 200C, A 
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Fig.68b - Capacitance versus reverse applied 


voltage for bidirectional types 


(typical values) . 


Fig.@a - Capacitance versus reverse applied 


voltage for unidirectional types 


(typical values) . 
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SOT-82 (Discrete) 


mm | inches 
Cin [max [min [man 
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pin 1: Base - pin 2: Collector - pin 3: Emitter 
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| min | max | min | max_| 
A 
|B {| 105 | 108 | 0.413 | 0.425 | 


| 07 | 09 | 0.027 | 0.035 | 


az 

za 
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inches 


| min | max | min | max 
re | 5.35 | 5.65 | 0210 | 0.220 
Po [1.05 | 1.25 | 0.041 | 0.049 
re [wos [a2 | 0.425 [0.041 
PM [35 | 37 | 0197 | 0.145 
PN [208 | 212 | 0816 | 0.694 
ra [191 | 199 | 0.752 | 0.703 
s [228 | 236 | 0607 | 0.920 


pin 1: Base - pin 2: Collector - pin 3: Emitter 
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[min [max 
: 

Po | 41 | 13 | 0.043 | 0.051 | 
re | we | a1 | 0425 | 0.497 | 
078 | 0019 | 0.080 
TH teyp | 0.708 yp 
Cw [aa 
rN| — | 162 | — | 0037 
cp | siyp | 1200p 
rai — | we | — | 0480, 


pin 1: GATE - pin 2: DRAIN - pin 3: SOURCE 
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MECHANICAL DATA 


| DIMENSIONS 
[mm inches 
[min [max [min [max 
PA | 10 | 404 | 0.993 | 0.409 
[p | 12 | 159 | 0598 | 0.626 
pc [a7 [137 | 0.500 | 0.539 
Pp [62 | 66 | 0244 | 0.260 


re | 44 | 46 | 0173 | 0.161 
CF 35 | 85 | 0137 | 0216 

Pe | 265 | 295 | 0.104 | 0.116 

: 

: Cw [375 | 3.05 | 0147 | 151 

Cu [1.28 | 1.92 | 0.048 | 0.051 

CA 24 | 272 | 0.004 | 0.107 

rs [ 495 | 5.15 | 0.194 | 0.203 

CT [24 _| 27 | 0.094 | 0.106 

Pu foi | 094 | 0.024 | 0.037 


pin 1: GATE - pin 2: DRAIN - pin 3: SOURCE 
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MECHANICAL DATA 
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902 


| mm | __inches 


a 


| min {| max | min | max _| 

as [26 | 0964 | 4.003 
Ps [365 | 308 | 1515 | 1.547 _ 
ro [165 | 172 | 0049 | 0677 
Pe [107 [411 | 0.41 | 0.437 
Pe [a1 [73104330515 
CH [832 | 8.92 | 0.327 | 0.351 | 
rc [1.5 [1.65 | 0.059 | 0.065 | 
Cw [te [20 | 0748 [0787 
CN [os7 [448 | 0.038 | 0.045 
Te [4 | 409 [0.187 | 0. 


pin 1: Base - pin 2: Emitter - pin 3: Collector 
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